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THOUSANDS OF MISCELLANEOUS PARTS 


“DRY CYANIDED 


IN THIS ‘Surface’ BATCH-TYPE 
HIGH-PRODUCTION FURNACE 





*/Surface’ RX Gas Atmos- 
phere enriched with 
natural and ammonia gas. 








This ‘Surface’ Batch-Tvpe, High 
Production Furnace features 
Radiant Tube Heating, built-in 
atmosphere generator (optiona 
Loading and Unloading 

nism, integraily buut tank equip- 
ped with lowerator mecha 

liquid quenching Occupies ¢ 
144 square feet of floor spc 


24-HOUR PER DAY OPERATION 

ESTABLISHES RECORD PRODUCTION 

FOR INDUSTRIAL HEAT TREATING 
COMPANY, TOLEDO, OHIO 


In a commercial heat treating shop the furnace equipment must 
be flexible to meet the varied demands of batch heat treatment 
and provide mass production economy. This ‘Surface’ Batch 
Type High Production Furnace installation meets all these 
quirements for Dry (Gas) Cyaniding, Gas Carburizing, Carbon 
Restoration (Skin Recovery), Homogeneous Carburization, Clean 
Hardening and for General Heat Treating. r . 
This ‘Surface’ furnace requires a minimum investment for WRITE FOR BULLETIN SC-145 
each pound of capacity. Light case dry (gas) cyaniding can be , 
done for less than one-half cent per pound of work, exclusive 
of burden and fixed charges. Investigate its cost reducing 
possibilities for your plant—too! 





“Dry Gas Cyaniding in ‘Surface’ Con 
tinuous and Batch-Type Furnaces 
No obligation 


SURFACE COMBUSTION CORPORATION ® TOLEDO 1, OHIO 
* Stein & Rouboix, Paris FOREIGN AFFILIATES British Furnaces, Lid., Chesterfield et 


INDUSTRIAL FURNACES 


FOR: Gas Corburizing and Carbon Restoration (Skin Recovery), Homogeneous Corburi- 
zation, Clean and Bright Atmosphere Hordening, Bright Gas-Normalizing and Annecl- 
y\ ing, Dry (Gas) Cyaniding, Bright Super-Fast Gas Quenching, Atmosphere Malleableizing 


ond Atmosphere Forging. Gas Atmosphere Generators. 





... using THERMALLOY’ trays and grids for carburizing application 


The trays and grids shown above are used for carburizing 
automotive gears at a temperature of 1650° F. Through 
the use of Thermalloy “50”, plus certain design changes, 
Average Cost | Average average Cost per heat hour has been cut in half... average 
per Heat Hour | Hours Life hours of service life more than doubled. (See figures 
at left.) 

This is one of many cases where customers have greatly 
Thermalloy .0048° 6707 benefited from Thermalloy’s heat-resistant properties . 
plus the ability of Electro-Alloys engineers to develop 
Tray “A” .0095° 3443 designs suited to ideal foundry practice as well as to 
customer service requirements. 

Tray “’B” .0092° 3022 : Thermalloy is not just one alloy, but a group of alloys 

.each specially adapted to certain heat and abrasion 
requirements. Our engineers can assist you in selecting 
the type best suited to your particular needs... recom- 
mend designs that will insure maximum service life 

To put such knowledge to work for you, just phone 
your nearest Electro-Alloys office, or write Electro-Alloys 
Division, 2095 Taylor Street, Elyria, Ohio. 








(Note: Figures do not include 
trays damaged in furnace wrecks, 
by rough handling, etc.) 


*Reg. U.S. Pat. OF, 





AMERICAN 


| Brake Shoe ELECTRO-ALLOYS DIVISION 


ELYRIA, OHIO 
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WORKHORSE... 


Yes... rugged and reliable... Lindberg Induction 
Sinton Units are industrial workhorses for the long 
pull. Built to serve...and serve—hour after hour 


© Conditioned Cooling System 
@ Built-in Checklite System 


@ Oversized Components 
© Filament Voltage Regulation —day after day... far beyond the usual capabilities 


© Industrial-type tubes of Induction Heating Equipment. 
Performance records from plants throughout the 
nation show 24 hour a day operation—month 
after month. Investigate the Lindberg icon 
Induction Heating Units—you will profit ¥ 
from proved ability to give reliable 24 hour ba 
a day operation. Ask for Bulletin 1440. y 


VA INDBERG oa HUGH FREQUENCY DIVISION 


Lindberg Engineering Company, 2448 W. Hubbard Street, Chicago 12, Illinois 
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Signo! Lights 


El ectromax in iil i 1!) Center (amber) glows when Electromox 
Simplest Form, for is Operating 


On-Off Control Left (green) glows when temperature is 
4 ; High 











Right (red) glows when temperoture is 


nk low 
| 

Control Temperature Is Set By Turning 
< This Knob 


nell 
Ti 


























Thermohm detector of 
1000 F type; hermetically 
sealed; rugged 


leadwire to Thermohm 
has no limits to length 




















PLASTIC METAL TINNING &  PLASTIC-WRAPPER | 
GLASS-FABRICATING MOLDING DECORATING GALVANIZING SEALING 4 


PROTECT PRODUCTION WITH ascension CONTROL 


peer rFROMAX CONTROL L ERS give m 


lation t yjusand sa manutactu g proc- 





They exactly fill bill for non-recording controllers of 
endabilit 

accuracy and dependability 

ling Controller. Likewise 

g tremors—can even be 

press. The instrument 

only one moving part 


usually no need to 


a 


ELECTROMAX FOR PROCESS HEATED BY GAS, OIL OR STEAM 


| ———1/ ° lay 
Siol | us, 550 on Yr my on | 
| rate (D.A.T.) Control ip | - 9 my i eS ae i 


dew { 
}4/\ PLATING 
1 | a 


| Uy" 


| 
ry pa . ie HEATER 





mtrol action 


nanual reset (P.A.T.) Control TANK 


For further information, write our nearest office, or 4927 
° ’ 
Stenton Ave Philadel ia 44, Pa 


ea 
| 
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MLASUFUNG INSTRUMENTS TELEMETERS MATIC CONTROLS = HEAT-TREATING FURNACES 





ELECTROMAX FOR PROCESS HEATED BY ELECTRICITY 
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Eclipse Fuel Engineering Company 
727 South Main Street, Rockford, Illinois Eclipse 


MAKERS OF THE MOST COMPLETE LINE OF GAS-FIRED INDUSTRIAL EQUIPMENT 
Representatives in oll Principal Cities 
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Stainless, carbon, alloy and high-speed tool steels 
and non-ferrous alloys descaled in from 15 seconds 
to 20 minutes. 


aj { 
r. — i 
i » 
I 
Drawing compounds and paofMt stripped from metal 


stampings in 50 seconds 


-.- faster, better at appreciably less cost 


From removing metallic oxide scale from huge plates, 
coils or bars to desanding molds or cleaning residual 
materials from stampings, the Ajax Electric Salt Bath 
Furnace paves the way to appreciable savings in 
labor, floor space and time. What's more, the work is 
done far more efficiently than is possible with sand- 
blasting, acid pickling, electrolytic anodic cleaning 
or other methods 


The Ajax Salt Bath Furnace is adaptable to many 
metal and alloy types. Different metals and different 
metal shapes can be descaled simultaneously. The 


bath acts uniformly on all parts of the work includingy*” 


blind holes. The process reacts only on scale, sand gt 
residual materials. The base metal is not affected and 
there is no hydrogen embrittlement. First cost.@f the 
equipment is low and so is upkeep. Pot and ebectrode 
life is measured in years and the bath cary e regen- 


4 


/ 
erated indefinite by the addition of low cost chemi- 
cals. Where gesired, the entire process can be 
mechanized igr highly efficient mass production 


Write today, giving details of your finishing problem. 
Let Ajaxséngineers prove these claims—at not the 
slightesf obligation. Reprinted technical articles on 
cleanéng, descaling and desanding are available on 
reqgfest. 

7 


¢ 
¢ 


4 
#@ Grease, drawing com 


pounds, residual rubber, 
corbon biock, plastics 
point ond enomel re 
moved in minutes with 


less labor 


Before 


AJAX EKECTRIC COMPANY, INC. 


"4 910 Frankford Avenue 


Philadelphia 23, Pa. 


in Canada: Canadian General Electric Co., Ltd., Toronto, Ont. 


ELECTRIC tir, FURNACES 
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T. achieve the productive capacity today’s 
economy demands, a broad field of industry will depend on 
MARLEY for high-capacity, constant-service 
Producers of ; . 
steel cooling equipment. 
AQUATOWERS 
DRICOOLERS > . . : 
Power production, chemical processing, 
VAIRFLO TOWERS 


atomic energy, food and meat packing, petroleum, 
DOUBLE-FLOW TOWERS : 


natural gas and gasoline plants . .~ all these 
INDUSTRIAL SPRAY NOZZLES 
vital industries and many others, have been 


long-time MARLEY equipment users 


Each unit is engineered to do a specific job efficiently 
. to do it on an “every-minute-of-the-day” basis . . . 
for industry vital to America 


today and tomorrow. 


The Marley Company, Inc. 


KANSAS CITY 15, KANSAS 
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Meet a 1/GHT-WEIGHT champion.. 


Inconel pusher trays 
still going strong on a job that 
licked heavier furnace trays! 
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Fabricated Inconel pusher trays carrying au 
tomobile parts through continuous heat-treat 
ing furnaces. The best life of previously-used 
trays averaged nine months. The fabricated 


. : Inconel trays have been in use over one year 
Furnace production increased 


Tray life increased Inconel pusher tray designed and 
fabricated by BROWN -HUTCH 


Maintenance costs reduced INSON IRON WORKS, Detroit, 
Michigan 


These substantial benefits are what a large automo- The furnaces, which are gas-fired and non-atmos- 
bile manufacturer gained by switching to fabricated phere in type, present high-temperature corrosion prob- 
Inconel* pusher furnace trays. lems. Add to these punishing conditions the consider- 


able mechanical forces acting on the trays... up to 540 
Previously-used trays weighed from 114 to 198 

; pounds load plus 2000 pounds thrust from the hydrau 
pounds each. The fabricated Inconel trays weigh only 
9 ; ‘ ine 28 112 the lic pusher mechanism...and you have service condi- 
S...aW t sav . t A 
5 gmap aerate: - Saag hota tions that demand Inconel plus good fixture design. 

Based on average net load of 400 pounds this repre- 


sents a gross weight saving of 5 to 19% over previous Brown-Hutchinson Iron Works are designers and 


equipment. fabricators of these pusher trays. They, like other lead- 





ing fabricators, used Inconel because of Inconel’s out- 
Even more important—these lighter-weight fabri- 


; standing performance record and desirable combina- 
cated Inconel trays last longer, with correspondingly P : 


tion of physical characteristics .. . thermal durability 
reduced replacement and maintenance costs. — eo ability, 


corrosion-resistance, high hot and cold strength, work 
This fine performance record is even more remark- ability, economy. 


able when the severity of service conditions are consid- 


, Although Nickel Nickel All 
neil Duries the heat-treating of etemnahiie parts, the oug' " el and ws el Alloys are currently in short supply, 
Inco advertisements will continue to bring you information on 


trays are subjected to temperatures as high as 1650 industrial processes and developments which we believe will be 


F., followed by oil quenching. of interest "Reg. U. S. Pat. OF 


imum . sence The International Nickel Company, Inc. 
ste, 67 Wall Street, New York 5, N. Y. 


INCGONEL ... long life at high temperatures 
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For AMERICA’S LABORATORIES... 





A New, Completely Direct-Reading 
Analytical Balance... 


THE . WA 


BALANCE 


. weighs in one-third the time 
required by the usual balance. 


Its control knobs are manipulated 
to select built-in weights. Correspond- 
ing figures appear on the direct 
reading scale 


Weights under 100 milligrams are 
indicated automatically. 


The Gram-atic Balance weighs Fast (20 second weighing) 


samples up to 200 grams and has : Eliminates all weight 
constant sensitivity throughout this : handling 


Catise fange Beam under constant load 


For 115 and 230 volt 50-60 cycle 


One-scale reading 
a <. a Boe $895.00 each. 


Constant sensitivity 


Weighs below 100 milligrams 
automatically 





Entire weight of sample 
is read on direct-reading 
indicator. 





b> 
Write for Folder No. 4P 


Stocked and Serviced by 


FISHER SCIENTIFIC COMPANY 


717 Forbes, Pittsburgh (19), Penna. 


635 Greenwich, New York (14), New York 
2109 Locust, St. Louis (3), Mo. 


7722 Woodbury, Silver Spring, Md. 
In Canada: Fisher Scientific Co., Ltd., 904 St. James, Montreal 
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CHRISHIANSEN 
PORPARGTIN CHRISTIANSEN CORPORATION 


NOW 

IT 

CAN 

BE DONE! 


Heliweld Aluminum with STANDARD DC Equipment 
... Using NEW AIRCO Thor-Tung and Helium 


This new DC straight polarity method of Heliwelding 
gauge thickness aluminum, using Helium and Airco’s 
NEW Thor-Tung electrodes, points the way to impor- 
tant savings by eliminating high frequency oscillators 
... Special welding transformers... and special insula- 
tion problems that were necessary with AC and Argon 
shielding gas. 

Now, with the NEW process brought to a high state 
of development in Airco’s laboratories, all the good fea- 
tures of DC welding can be enjoyed — a hotter, more 
efficient arc that gives deeper penetration and faster 
welding, with lower gas consumption per foot of weld, 
less distortion, and reduced plate-edge preparation. 

Designed for use with a standard Airco DC genera- 
tor, this new Helium Airco Thor-Tung technique 
keynotes simplicity, safety and economy of operation. 
All special problems have been eliminated, and equip- 


ment requirements reduced to the minimum — all that’s 
needed is the DC generator, a Heliweld holder (either 
manual or machine), Helium gas, and Airco’s NEW 
Thor-Tung electrodes. 


So, if you are fabricating aluminum in your shop, 
ask your nearest Airco office about the NEW DC 
Helium — Thor-Tung Heliwelding method today. Call, 
or write now 





THIS NEW PROCESS GIVES YOU: 


smooth, sound welds 

no tungsten contamination 
a minimum of distortion 
less plate-edge preparation 
faster welding 

naturally stable arc 
substantial gas savings 








AIR REDUCTION 


AIR REDUCTION SALES COMPANY - 


AIR REDUCTION MAGNOLIA COMPANY 


AIR REDUCTION PACIFIC COMPANY 
REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 


Divisions of Air Reduction Company, Incorporated 


Offices in Principal Cities 
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Customer Reports: 
Asareco Contintious Cast Bronze Saves 
20% in Metal Cost, Production Time 


A manufacturer of packaging machinery tells of say 
ing 20% in production time and 20° in material cost 
when he makes shaft bearings and nuts of Asarco 
Continuous Cast Bronze. 

The patented Asarco casting process guarantees him 
bronze rod that is free from the hard and soft spots so 
often found in sand cast bronzes. Stock is exception 
ally uniform and free from porosity. Since sand is not 
used, and dirt and dross are excluded, there can be no 
surface or internally trapped abrasive to dull tools or 
discourage high cutting speeds. Rejects are virtually 
unknown. 

Dimensions are held to extremely close limits. For 

, example, tube concentricities are within 1.5° of wall 
: ccc r Oe - thickness. Dimensional uniformity is assured .. . 
— me machining on automatics is standard practice. 

eo Continuous Cast Bronzes can be made to order in 
a wide variety of alloys .. . in standard lengths of 12’ 
. lengths 5’ to 12’ on request . . . lengths 12’ to 20 

on special arrangement. 
216 sizes of standard Asarcon 773 bronze (SAF 
, 660) are stocked in 105” lengths for convenience at 
—— warehouses in all principal cities. Distributors will 

nee 


Png f cut this stock long or short to suit your needs. 


7-73 Alloy 
sel Strength _®° 
Tensi’€\ 44,000 _Ps!- 


by cane 
0 psi. 
—— ee bs C. 


Continvere i 
: g! 
Yield Stren 


37,000 8! 
II, 1,900 psi. 


Continuo td. BESS 9. 500 ps. 
Pou. Midd 


Send for this free catalog on 
tsarco Continuous Cast Bronzes 
lt contains physical properties 
table of weights, photomicro 
graphs, table of stock shapes 
and sizes and other data 


West Coast Sales Agent: 
KINGWELL BROS. LTD., 444 Natoma Street, San Francisco, Calif. 


American Smelting and Refining Company 


OFFICES: Perth Amboy Plant, Barber, New Jersey 
Whiting, Indiana 
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.-. OFFERS A 
COMPLETE LINE OF 
EQUIPMENT FOR THE 


Metallurgical Laboratory 





Buehler specimen preparation equip- 
ment is designed especially for the metallurgist, and 
is built with a high degree of precision and accuracy 
for the fast production of the finest quality of metal- 
lurgical specimens. 


1. No. 1315 Press for the rapid moulding of specimen 
mounts, either bakelite or transparent plastic. Heating ele- 
ment can be raised and cooling blocks swung into position 
without releasing pressure on the mold. 


2. No. 1211 Wet power grinder with 3/4” hp. ball bearing 
motor totally enclosed. Has two 12” wheels mounted on 
metal plates for coarse and medium grinding. 


3. No. 1000 Cut-off machine is a heavy duty cutter for stock 
up to 3-1/2”. Powered with a 3 hp. totally enclosed motor 


with cut-off wheel, 12” x 3/32” x 1-1/4". 


4. 1505-2AB Low Speed Polisher complete with 8” balanced 
bronze polishing disc. Mounted to 1/4 hp. ball bearing, two 
speed motor, with right angle gear reduction for 161 and 246 
R.P.M. spindle speeds. 

5. No. 1700 New Buehler-Waisman Electro Polisher pro- 
duces scratch-free specimens in a fraction of the time usually 
required for polishing. Speed with dependable results is ob- 
tained with both ferrous and non-ferrous samples. Simple to 
operate—does not require an expert technician to produce 
good specimens. 


6. No. 1410 Hand Grinder conveniently arranged for two 
Stage grinding with medium and fine emery paper on twin 
grinding surfaces. A reserve supply of 150 ft. of abrasive 
paper is contained in rolls and can be quickly drawn into 
position for use 


7. No. 1400 Emery paper disc grinder. Four grades of abra 
Sive paper are provided for grinding on the four sides of 
discs, 8” in diameter. Motor 1/3 hp. with two speeds, 575 and 
1150 R.P.M 





8. No. 1015 Cut-off machine for table mounting with sepa- 
rate unit recirculating cooling system No. 1016. Motor | hp 
with capacity for cutting 1” stock 








“= = LINE Se SPECIMEN PREPARATION EQUIPMENT 
oes.. UT-OFF MACHINES @ SPECIMEN 


MOU NT PRESSES @ POWER GRINDERS e@ EMERY 
PAPER GRINDERS @ HAND GRINDERS e@ BELT 
SURFACERS @ MECHANICAL AND ELECTRO POLISH 
Af ERS @ POLISHING CLOTHS @ POLISHING ABRASIVES 
PaRTMER MEP 
METALLURGICAL APPARATUS t 
165 WEST WACKER DRIVE, CHICAGO 1, ILL. 
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start with uniform TIMKEN’ stainless 





Your finished product has uniform, high quality 
from the start when you use Timken” stainless 
forging steels. Timken stainless bars and billets 
have superior surface and internal quality. Each 
analysis has uniform forgeability, uniform phys- 
ical and chemical properties, uniform response 
to heat treatment, uniform machinability—in 
every bar of every heat. 

With Timken stainless forging bars, lower 
production costs go hand in hand with improved 
quality. You have fewer rejects, fewer delays, 
fewer changes in shop practice. And the advan- 


tages you get with Timken stainless are assured. 
Timken stainless is tailor-made to your order by 
advanced melting and finishing techniques. The 
latest quality control methods are used. Every 
fifth man spends his full time on inspection. 

Our Technical Staff will be glad to help you 
with your stainless forging problems. And for 
helpful information on the chemical composition 
of alloy steels, write on your letterhead for tech- 
nical bulletin No. 31. The Timken Roller Bear- 
ing Company, Steel and Tube Division, Canton 
6, Ohio. Cable address: ““TIMROSCO”. 


YEARS AHEAD —THROUGH EXPERIENCE AND RESEARCH 


led and cold finished alloy 
rraphit a” standard two 


scam ens steel tubing 
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TONNAGE INDICATORS* 
Jor Maxpresses / 


What tonnage does a forging actually require? 


THE NATIONAL TONNAGE INDICATOR, 
8 equipment on new MAXIPRESSES, 
provides definite answers to tonnage questions 
which have gone unanswered for years. 
1. It shows at a glance, the actual “blow by 
blow” tonnage required to make a forging. 
2. fo the reliable choice of the proper 
size IPRES for a given job. : 
3. It immediately detects overload, reducing 
maintenance pom | lengthening the life of the 
press. 
4. It permits use of kissing surfaces on press 
dies, making it possible to hold thickness 
No. 6 MAXIPRES with Tonnage Indicator + mene ——e ee 
Simple in construction, this device joins the 
list of NATIONAL-pioneered “firsts” for the 
forging industry. 


NATIONAL 


MACHINERY COMPANY 


TIFFIN, OHIO. 


* Patent applied for 


DESIGNERS AND BUILDERS OF MODERN FORGING MACHINES—MAXIPRESSES—COLD HEADERS— AND BOLT, NUT, RIVET, AND WIRE NAIL MACHINERY 


Hartford Detroit Chicago 
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Production costs cut 
over 50% 


with HAYNES 


Trade-Mark 


investment castings 











A manufacturer of homogenizing equipment is 
producing stainless steel rotors and stators at half 
the former cost, now that he has switched from 
machined parts to precision investment castings. 
Machined parts required a total of 12 operations 
before they were ready for service. HAYNES invesi- 
ment castings require only 5 finishing operations. 


The production saving on the rotor, or turbine. 


) 


is 52 per cent, even though the investment-cast 
part costs about 6 times more than the bar stock 
needed for a machined part. This is because only 2 
finishing operations are needed for the castings, 
whereas 5 operations were necessary when the 
parts were machined from bar stock. 

The stator required 7 machining operations 


originally, and now requires only 3 — one of which , 

; ee P The Haynes invest- 
is an electro-polishing treatment. By changing 

. : ment-casting process 

over to investment castings, the manufacturer has 

cut the production costs 

cut his production costs on this part 51 per cent. of this eteialess steel votes 


For more information on the advantages of end ctater by mere then 


investment castings, as well as examples of success- 
ful applications, write for the booklet, “Haynes 


Precision Castings.” 





“Haynes” is a trade-mark of Union Carbide and Carbon Corporation. 


50 per cent. The parts are ¢ 
used in a 14 horsepower 


homogenizing machine. 


Haynes Stellite Company 
A Division of 
Union Carbide and Carbon Corporation 


vias 
General Offices and Works, Kokomo, Indiana 
Sales Offices 
Les Angeles—New York —Sean Francisco—Tulse 
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REYNOLDS FIRST PIG POURED 10 YEARS AGO 


150 Million Pounds of New Capacity Now Under Way 


Just ten years ago, on May 18, 1941, the first Reynolds Aluminum pig was 
poured at Listerhill, Alabama. Since then the company has expanded rapidly 
and today has an annual capacity of over 500,000,000 pounds. This includes 





Integrally Stiffened Skin 
Developed for Airplanes 


The increased pressures encountered by high 
speed, high altitude aircraft created new de- 
sign problems. One difficulty is to get adequate 
skin reinforcement without increasing the 
dead-load to pay-load weight ratio. Even alu- 
minum alloys that have the strength of steel 
do not provide the answer. 

Experiments show that closely spaced T 
sections give the needed “beefing”. However, 
to include them as separate structurals adds 
a weight penalty and labor costs for riveting 
mount. Milling out a thick aluminum plate to 
leave only a thin sheet and its reinforcing 
ribs is another approach. This meets weight 
requirements but is costly in material and 
machining time. It is also impractical from a 
mass production standpoint. 


Stiffened skin as it is extruded 


Presented with this problem by the Army 
Air Forces, Reynolds Metals Company devel- 
oped a method of extruding ready-ribbed 
aluminum skins, without loss of metal or ex- 
cessive labor requirements. A hot billet of 
aluminum is fed into the maw of a gigantic 
press at the company’s Phoenix, Arizona plant 
and is extruded by a powerful hydraulic ram, 
through a specially designed die. The alumi- 
num appears in the form of a long tube with 
T-shaped ribs on the outside. When cooled 
this tubing is cut to desired lengths, then slit, 
straightened and stretched to produce a flat 
sheet with integral reinforcement on one side. 
Assembly and rivets are eliminated. 


Ribbed side of sheet after straightening 


Present extrusion presses limit stiffened 
skin widths to 28 inches. Larger presses are 
being planned to provide the same range of 
sizes now common for regular rolled sheets, 
and possibly larger. 

“Designing with Aluminum Extrusions” is 
a 132 page, 6” x 9” reference book that can 
help you make a better product at lower costs. 
This book is free when requested on your 
business letterhead. Write to Reynolds Metals 
Company, 2576 South Third Street, Louis- 
ville 1, Kentucky. 


Printed in U.S. A. 





50 million pounds of increased produc 


tion during late 1950 and early 1951 at 


existing plants in Arkansas and Oregon. New construction now under way at 


Corpus Christi, Texas will increase Reynolds present capacity by another 


150,000,000 pounds. The ever-growing 
strategically located across the country, and 
employs over 18,000 people. 


Pouring first aluminum at Listerhill, Ala. 


R. S. Reynolds’ conviction of the great need 
for aluminum in this country was the founda- 
tion upon which plans for production were 
built in 1940. In effecting these plans the 
whole pattern of the aluminum industry was 
changed. For within a single year Reynolds in- 


creased the nation’s prewar aluminum produc: | 


tion rate by 50%. This, before Pearl Harbor! 
And the additional output played a vital role 


in providing the aluminum which was so badly | 


needed during the 1941-45 war period. The 

conviction which started Reynolds Aluminum 

production in 1941—a need for U. S. prepared- 
nese—has been constantly maintained. 

Today, the Reynolds 

Metals Company is 

constantly endeavor- 

ing to improve and 

expand production 


facilities so that acon- | 


tinuing and adequate 
supply will be avail- 


able for American} 


defense and industry. 
Bauxite deposits in 


the Caribbeans, the | 


largest in the world, 


R. S. Reynolds, Sr. are now being devel- 


organization now consists of 24 plants 


oped by Reynolds to assure a nearby source 
of raw material for many generations. These, 
| plus constant research to improve aluminum 
| production methods will enable the company 
| to keep pace with the constantly increasing de- 
| mand for aluminum. 
| The introduction of a new primary alumi- 
num source in 1941 has contributed greatly 
to the industrial growth of America. It created 
| competition which stimulated the use of light- 
weight metal in the past ten years. It also pro- 
| vided a greater supply. Reynolds, alone, has 
| shipped well over 3 billion pounds of alumi- 
| num to customers in this period. With an in- 
creased supply to rely on, industry has devel- 
| oped many new aluminum uses and applica- 
| tions. They can be seen today from highways 
to skyways, boats to buildings, in thousands 
of products used daily throughout the world 


Aluminum Industry Expands 


Although today’s mobilization requires 
vast amounts of material, the Aluminum In- 
dustry is adding to its facilities so that there 
will be a larger supply for all needs. Reynolds 
part in this expansion is clearly illustrated in 
the accompanying chart. The chart also shows 
the rapid production growth of the company 

| from 1941 to 1950. 
| For a word and picture story on aluminum 
production and advantages, write for the 96 
| page book, “The A. B. C.’s of Aluminum.” 
Sent free, together with a complete index of 
Reynolds Aluminum design and fabrication 
| literature, when requested on your business 
| letterhead. Write to Reynolds Metals Com- 
| Pany, 2576 South Third St., Louisville 1, Ky. 
| 
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650,000,000 pound capacity in 1952 








ALUMINUM REPORTER (continued from preceding page) 





Fans Within Fans— 
A New Development 


Many manufacturers have improved the 
efficiency of their motor powered fans by 
adopting lightweight aluminum fan blades 
and hubs. When the Mathes Company of Fort 
Worth, Texas, consistently applied modern de- 
sign ideas to aluminum, they came up with 
still further improvement. 


The streamlined Mathes fan 


Fabrication of the Mathes Fan is as far from 
the conventional as is its unique design. The 
aluminum fan blades are blanked out and 
formed. They are then set in precise position 
in a die-casting mold. The entire hub is die- 
cast around the blades so they become an in- 
\tegral part of the hub and in perfect align- 
ment. Obviously, this cuts down assembly 
ime and cost. Balancing is reduced to an ab- 
olute minimum. 


Note internal hub design 


The Mathes Company’s efforts have resulted 
a fan that keeps its motor cool. It is built 
h a conical nose section which clears the 
hub and leaves an open section between 
two parts. In the nose is an interior fan 
ich directs a stream of air over the motor, 
ping it cool for efficient operation at 4 
pr the rated horsepower. When a \% hp 
tor is used the power of a 4 hp unit is ob- 
tained, without overheating or undue wear 
on the motor. Although operating costs are 
practically the same as for a full 4% hp, the 
size and weight of the motor are less. Alumi- 
num fan blades and hub also save weight. 
There are opportunities continually arising 
where new designs and new ideas in aluminum 
fabrication can mean great advancements in 
the sale and popularity of some product you 
may be making. 


The 12-page Product Design catalog, pub- | steady flow of parts in quantities to meet every 
lished by Reynolds, gives condensed informa. | 


tion on fabrication, finishes, mill sizes and engi- 


neering tables for aluminum. Write Reynolds 
Metals Company, 2576 South Third Street, 
Louisville 1, Kentucky for your copy today. 





Aluminum foil used as Grade A wrap 


_— | 
Foil-on-kraft bag with vinyl heat-seal coating 


Plain Aluminum Foil Re-enlists for Defense 


Today, with the rapid increase in defense 
production, large quantities of Reynolds plain 
aluminum foil are going “back into uniform”, 
much of it for the protection of packaged parts. 

It is particularly effective as a Grade A 
initial wrap and was used to great advantage 
during World War II for the protection of 
surgical instruments. The present heavy de- 
mand is for both military and essential defense 
uses. This protective wrap seals vital parts 
against corrosive effects of the most severe 
climates around the world, from Arctic freeze 
to humid penetration of the Tropics. Plain 
aluminum foil is approved under “Spec. JAN- 





Unique Aluminum Service 


Offers 30% Scrap Savings 


Many manufacturers are slashing costs, 
solving production problems through the use 
of Reynolds Aluminum Fabricating Service. 
This service, which provides complete facil- 
ities for any desired aluminum blank or fin- 
ished part, offers an average 30% scrap saving. 

Reynolds pioneered the service of shipping 
parts instead of sheet during World War II. 
This made aluminum scrap available for im- 
mediate re-use, without tying up valuable 
transportation in the two-way hauling of un- 
usable metal. Today, Reynolds is again sup- 
plying blanks and parts in this more efficient 
and economical way to expedite defense or- 
ders. Reynolds plants have round-the-clock 
guard systems required for such restricted 
military production. 


One of Reynolds fabricating plants 


Included in Reynolds fabricating facilities 
are over 100 presses — mechanicals ranging 
from 5 to 1700 tons and hydraulics from 50 to 
5000 tons. There is also a fully complementing 
line of equipment for shearing, forming, spin- 
ning, tube bending, roll forming, roll shaping, 
riveting, welding and finishing, to assure a 


requirement. 
A committee of aluminum design and fabri- 
cating specialists reviews each production item 


| to determine if improvements or lower costs 
| can be effected. The same staff also works with 





B-148 Barrier, aluminum foil as a Grade A 
grease-proof barrier.” 

Aluminum foil is wax-free and grease-proof 
on both sides. Either side can be used next to 
the packaged part. When properly used, it 
forms a positive moisture-vapor barrier which 
prevents any preservative greases from drying 
or hardening. It does not become weakened 
when wet, or is it affected by long exposure 
to dry air or extreme temperature changes. 

Aluminum foil offers maximum conformity 
to any shaped object. This feature eliminates 
the necessity of taping or tying which saves 
time in packaging and, in some cases, con- 
siderable material. 

The use of plain aluminum foil is simple. 
After cleaning and preserving, the part is 
wrapped in the proper gauge of foil. It is 
then packaged according to approved methods 
described in “Spec. JAN-P-116 Preservation, 
Methods of.” 

At the present time, grease-proof aluminum 
foil for parts packaging is available for de- 
fense orders. For further details and informa- 
tion on its application to particular products 
according to government specifications, call 
the Reynolds office listed under “Aluminum” 
in your classified telephone directory, or write 
to Reynolds Metals Company, 2576 South 
Third Street, Louisville 1, Kentucky. 





manufacturers’: engineering departments to 
assure maximum benefits from aluminum in 
the design or re-design of their products. 


1700 ton mechanical press 


For complete information on how to avoid 
hidden costs in your parts production, call 
the Reynolds office listed under “Aluminum” 
in classified telephone directories. Or write 
to Reynolds Metals Company, 2065 South 
Ninth Street, Louisville 1, Kentucky. 





ASK FOR THESE BULLETINS 


TECHNICAL BULLETIN No. 
DATA BOOK No. 
GAS BOOSTERS No. 
FOUR BEARING No. 
BLAST GATES No. 
FOUNDRIES No. 


126 
107 
109 
110 
122 
112 


A YEAR MACHINES! 


(SPENCER TURBO-COMPRESSORS) 


A study of typical plants where Spencer Turbo-Compressors have 
been in use ten years or more shows less than one dollar per year 
per machine for spare parts. 


The centrifugal design with wide clearances, low peripheral speeds 
and only two bearings to lubricate is partly responsible for this record. 


Original test efficiencies are maintained for the life of the machine. 
Power is used only in proportion to the load—and efficiencies are 
high at all loads. 


Spencer Turbos have been the preference in heat treating for many 
years. ‘Other uses’’ however have been increasing rapidly. Here 
are some of the special services that are being rendered by 


GAS BOOSTERS VENTILATION 
SPENCER AND COOLING 
TURBOS 


Atmos Gas Producer . 

Pt Scale Blowing 
Gas Plants Glass Cooling 
Premixing Equipment Mines 
Tunnels 
MISCELLANEOUS 


: Glass Blowing 
Sewage Super-charging Paint Spraying 


Yeast Engine Exhaust Tin Plate Cleaning 


AGITATION 
Electro Plating GAS ENGINE 
Flotation Testing 


Spencer Turbos are standard in capacities from 35 to 20,000 cu. 
ft.; Ys to 800 H.P.; 8 oz. to 10 Ibs. Four bearing, gas tight; single and 
multi-stage. 


THE SPENCER TURBINE COMPANY *® HARTFORD 6, CONNECTICUT 
SPENCER|—— 
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a rugged testing machine 
with unexcelled versatility, 
ease of operation, and low cost. 


fer 


Testing & Balancing Machines 


TINIUS OLSEN 
TESTING MACHINE CO. 
2030 Easton Rd., Willow Grove, Pa. 


r| 
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THE 


OLSEN 


200,000 LB. 


SUPER ‘'L” 


(ALSO AVAILABLE IN 
60,000, 120,000, 300,000 
AND 400,000 LB. CAPACITIES) 


No other testing machine 

has ever combined the worth- 

while features that are incorpo- 

rated in the new Olsen Super “L”: 

e 50 to 1 spread of 3 testing ranges on 

one 28” dial (100 to 1 with Olsen Electronic 
Recorder) 


eThe exclusive Selec$range indicating system 
with atcotran unit which makes it possible to change 
ranges during test—and, 


e choose the range at the flip of a switch, with automatic fool- 
proof range indication. 


e Ultra-precision, easy-read 28” dial with all three ranges 
color indicated. 


e Simplified controls. 


e Accuracy in all ranges to ASTM, U.S. Army, Navy, and 
Federal Specs. 


The new Olsen Super "L"” is a workhorse that pays its way 
in the laboratory or on the production floor. 


Write today for Bulletin 40—and compare the Super “L” on every count. 








Four-stack Fixture 





Center-post Fixture diameter — 78 


4 diameter—W" high 


Furnace Loads Increased 
with D-H Fixtures 


‘tailored for The Job’’ 


When vertical carburizing furnaces became popular, 
Driver-Harris made close studies relative to loading capaci- 
ties, and decided that fixtures specially designed to meet 
individual requirements would enable live load percentages 
to be increased, and loads to be more easily handled. 


Custom-built equipment pioneered by Driver-Harris 
proved so successful that for fifteen years this firm has 
continued to specialize in producing furnace parts and 
fixtures “tailored for the job.” In every instance, load ratio 
has been improved and load handling facilitated. 


Here are a few typical examples picked from hundreds 
of applications in service today. These fixtures are made of 
Chromax* and Nichrome*—the high heat and corrosion- 
resistant alloys that are unsurpassed for heat-treating 
applications. Components consist of castings, forgings, hot 


rolled rod, sheet and wire—all produced in Driver-Harris’ 
own plant to meet given requirements. 


Such products exemplify the exceptional facilities at the 
disposal of Driver-Harris for designing and manufacturing 
equipment of this type. Moreover, since Driver-Harris is 
both producer and processor of numerous alloys, it is not 
prejudiced in favor of a particular material or process. 
Whatever is best suited to achieve peak performance is 
utilized. To have furnace parts and fixtures designed and 
produced by Driver-Harris, therefore, means that your 
specific needs are met in the most efficient manner possible. 


Under present conditions, exceptional demand is engag- 
ing the resources of the Driver-Harris Company to an 
unprecedented extent. Nevertheless, we shall be happy to 
have you consult with us, and shall be glad to serve you 
to the best of our ability. 


Nichrome and Chromox ore manufactured only by 


Driver-Harris Company 


HARRISON, 


NEW 


JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco 


*T.M. Reg. U. S. Pat. Of 
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The original PSC carbu- 
tizing box, now the most 
widely used in industry. 


An example of the many 
special-purpose boxes we 
design and fabricate. 


ee 
“Sadia 


PSC purnishes 


CARBURIZING \ 


CARRIERS fo 


hy Every Prodnct r. a 


ss ast 
SO Spares sans Sac ie? 


As suppliers of the widest line of standard carbu- 
rizing boxes, PSC can promptly furnish a standard 
type box for carburizing, for instance, ring gears of 
any size. But we also offer a wealth of experience 
in making special fixtures that will carry unusually 
shaped parts through carburizing and quenching to 
finishing, with only one handling. 


PSC welded alloy carburizing boxes are used to- 
day by 80 % Weighing 
2, less than cast equipment, they save handling as 


well as heat-up time. For instance, a study by a recent 


of the nation’s heat treaters. 


Welded alloy retort for 
gas carburizing furnaces. 
Serving 10,000 hours. 


Special PSC retorts for 
small lots of different 


PSC boxes 
that are light 
weight for easy 
handling, yet 
will not warp. 
In any size. 


Chimney type boxes for carburizing 
ring gears, in any size. 


Light Weight of PSC Carburizing and 
Annealing Equipment Cuts Heat-Hour Costs 


customer showed that PSC light-weight equipment 
cut their cycle a total of 5 hours. Lasts longer too. 


Light Weight Weat-Treating Equipment for Every Purpose 
Carburizing and Annealing Boxes 
Baskets - Trays - Fixtures 
Muffles - Retorts - Racks 
Annealing Covers and Tubes 
Pickling Equipment 


Tumbling Barrels - Tanks 
Cyanide and Lead Pots 
Thermocouple Protection Tubes 
Radiant Furnace Tubes and Parts 
Heat, Corrosion Resistant Tubing 


PSC heat-treating units are furnished in any size, 


PSC 


design or metal specification. 
blue prints or write as to your needs. 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, 


PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 


OFFICES 
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NE| W: UPER QUENCH ow. 


~ «+ GIVES YOU TRIPLE ACTION! 


Mineral intensifiers give Park 
Triple A Oil faster quenching speed 
through the critical range, resulting 
in faster and deeper hardening. 


LESS DISTORT, 


Fast, uniform hardening in the 
critical range, plus a low cooling 
rate through the temperature zone 
of martensite formation, means 
less distortion from Park Triple 
A Oil. 


RIGHT QUENCHING 


Special anti-oxidants used in Park 
Triple A Oil give it greater stabil- 
ity for longer life and bright 
quenching properties. This is im- 
portant when work is quenched 
from carbo-nitriding furnaces. 


For Hot Oil Quenching up to 450° F use Park Thermo 
Unretouched photographs of precision parts quenched from a carbo . ‘ 
nitriding Seca in Park Triple A Quench Oil. From left co right are Quench Oil. Send for Bulletin No. F-7. 


parts quenched the first day, 30 days later, GO days later, and 90 days 
later. Bright and clean after over 3 months use with no indication of 
reduction of surface cleanliness. 


For These Critical Times... 


Now more than ever you will need Park Triple A Quench Oil 

. with steels of critical hardenability due to lean alloy content 
and parts manufactured under government contracts, you can't 
afford costly rejects due to rigid inspection. Get the most from 
your quench oil — get Park Triple A Quench Oil today and save 
on critical material and expensive rejects. Send for Bulletin No. 
F-8 today, for complete information. 
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machined finishes, 
longer tool life and fewer rejects on 
Stainless jobs is the answer to— 


Where Carpenter Helps You in Your Work with Stainless 


for you, take advantage of the help 
Carpenter can provide. We'll be glad 

* increased production from 

every shift 


information for jobs where you do 

blanking, leep drawing, forging heading 

to give you personal help in the shop welding. etc 
j 

= find a complete ta 


useful printed information that 


ma hining 
makes it easier to work with Stainless. 


You will also 
able of 
® more parts from every pound 
of material 
To 


information 
on the physicals for the 
make 


The new Carpenter Stainless Slide Chart 


quickly gives you information your 
Stainless Steel do its best 


men need to know. It gives the relative 


Stainless 
grades. Just drop us a note, on your 
workability for many grades, useful 


company letterhead 


. 


. 


indicating your 
title, and we will put your Carpenter 


Stainless Slide Chart in the mail for you 
penter Steel Company, 133 W. Ber 


n 


The Car 
Export Department: The Carpen 
Reading, Pa 
DON'T WAIT... 
COOPERATE! 


tee! ¢ 


St, Reading, Pa 


ympen 
TEELCC 


( arpenter 
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takes the problems out of production 
For Easy-to-Use Stainless Call Carpenter! Warehouses in principal cities throughout the country. 





Kopi Yuench tn less 
than lOseconds with this 


ALUMINUM HEAT 
TREATING FURNACE 





DESPATCH 


fe] VEN a  @ ] BA Pp A Pe Yy MINNEAPOLIS OFFICE: CHICAGO OFFICE 
619 S. E. 8th Street 7070 N. Clark Street 
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Technical Notes from Du Pont 


o» MOLTEN SALT BATHS 


How to avoid scumming and save cyanide 
in Cyanide Case Hardening 


Several rules of good operating practice should average operating conditions of 1500—1550°F. 

be observed if the formation of a carbonaceous temperature range and a decomposition rate of 

scum on the bath surface is to be avoided. In 0.25 to 0.30‘; sodium cyanide per hour. 

addition to preventing scum formation, this 

procedure will permit better utilization of your | “DRAG-OUT” LOSS 
| 





cyanide supply and may provide considerable (% of beth weight) ee BATH 
savings in your present consumption. |  Perhr Per 8-hr. day 








1. Start a new bath with Du Pont Case Hard- 
ener (30°; Sodium Cyanide) or 45‘; Cyanide- 
Chloride Mixture. Never start a bath with eee 15% Cysnide-Chloride 

“Cyanegg”’ Sodium Cyanide 96‘; unless used f — 

with an equal part (by weight) of refined salt *%4 45% Cyanide-Chioride 
(Sodium Chloride) or, preferably, in a mixture . , Ys —"Cyanege” Sodium 
(by weight) of 14 “Cyanegg,” 14 refined salt, 


Cyanide 
and | soda ash. 1.0.2 8.0-16.0 5% Cyanide Chloride 
? xture 


2. Maintain the bath at 20 to 30°; sodium ee = 
cyanide and at proper bath level by using the 

replenishment salt which most closely balances 3. Keep the bath as free as possible of car- 
the cyanide loss through decomposition and bonaceous contaminants, such as oils, carbu- 
drag-out. rizing compounds, etc. 


2.8-3.6 | Cyanegg’’ Sodium Cyanide 














The following table will serve as a guide for 4. Avoid long idling periods. If practical, ac- 
the selection of replenishment salts under the cumulate work for a full day’s operation and 
freeze the bath when not in use rather than 
maintaining at operating temperature for occa- 
sional treatment of work. 





The above technical information is offered in the 
interest of increased production through efficient 
operation and proper use of materials. In these 
critical times, Du Pont Technical Service stands 
ready to help you with your problems. For addi- — 
tional information and technical help without obli- 
gation, contact the Du Pont Electrochemicals De- 
partment district office nearest you. E. I. du Pont 
de Nemours & Co. (Inc.), Electrochemicals Dept., 
Wilmington, Delaware. 


BETTER THINGS FOR BETTER LIVING 
. .« THROUGH CHEMISTRY 





BALTIMORE + BOSTON + CHARLOTTE + CHICAGO ° 
CINCINNATI *« CLEVELAND + DETROIT + LOS ANGELES + NEW YORK 


PHILADELPHIA + PITTSBURGH + SAN FRANCISCO Cc YA N { D E Ss A La | D Ss A T & 
for Metal Treating 
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ON-FERROUS 
MELTING 


You can 
do it faster 
... more 
economically 


WITH 


AJAX-NORTHRUP 
INDUCTION FURNACES 


Want heat after heat of hard-to-handle alloy with never a complaint of contamination? At high pro- 


duction speeds? Without fussing around? Economically? ... Only one furnace will do it every time— 
the Ajax-Northrup high frequency furnace. Melts so fast there's no time for oxidation. Nothing to con- 
taminate. Stirs as it melts. Crucible life is long, and melting cost per pound is amazingly low. Lift coil 
types permit regular crucible melting. Tilting types handle larger charges, often can be poured right into 
the mold. Thousands are now in use—in sizes capable of handling any and all of your toughest melting 


jobs—cleaner and faster than you thought. Worth looking into. Ask the men who use them—or write us. 


AJAX ELECTROTHERMIC CORPORATION Yrs 
AJAX PARK, TRENTON 5, N. J. H E A T | N G 
Associate Companies “ay & 


AJAX ELECTRO METALLURGICAL CORP. © AJAX ELECTRIC COMPANY, INC. 
AJAX ELECTRIC FURNACE CORPORATION © AJAX ENGINEERING CORPORATION M E L T | N G 
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Dont Let 
IRON and STEEL 


Gather Cobwebs! 


Somewhere, back in a corner of your plant or shop, 
there’s some scrap iron and steel. Maybe quite a pile, 
gathering rust. Maybe some obsolete machinery, long 
unused. Maybe odds and ends that total many tons. You've 
meant to have it hauled away, but somehow it’s still around. 


Now’s the time fo sell it! 


Call the nearest scrap dealer; ask him to give you a price. 
He'll pay good money for it. Prices are high. . . the nation’s 
steel plants need scrap badly. With a stepped-up defense 
program under way, scrap is more than ever a vital ingredi- 
ent of steel production. Industry must help take up the 
slack—fast. 

A constant flow of scrap means greater tonnages of iron 
and steel. It means more finished products made of iron 
and steel. You can help . . . and help yourself as well. Get 
that scrap in circulation. Get it on the job! 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


BETHLEHEM STEEL 


gETHLEHE)y 
STEEL 


If you don't know the name of a scrap 
dealer, look one up in the yellow 
classified pages of the telephone 
directory. You'll find a listing there. 
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fa 0 ll y/ one-source help 


on every application of petroleum products: 


GULF PERIODIC CONSULTATION SERVICE 





Now you can get practical help on any problem that involves 
a petroleum product—any type of petroleum product—from 
this single source: GULF PERIODIC CONSULTATION 
SERVICE. 

Through this advanced cooperative plan, Gulf makes avail- 
able to you the regular counsel of one or more trained engi- 
neers, men who are skilled in every phase of petroleum science 
—men who have years of experience with practically every 
type of process and equipment employed by industry. 

This knowledge and experience can be applied profitably 
to your operating and maintenance problems. Send the cou- 
pon below for your copy of the booklet “Gulf Periodic Con- 
sultation Service,” which describes this cost-saving service. 
Or contact your nearest Gulf office. 


et 


ane 


S) | ie Me) 


er" 


Se br your copy today! 


Gulf Oil Corporation - Gulf Refining Company 
Room 3-SZ, Gulf Building, Pittsburgh, Pa. MP 


Please send me, without obligation, a copy of the booklet 
Gulf Pe viodic Consultation Service. 


Name 
Company 
Tithe 


Address 
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Most Versatile 
Hardness lester Known 


“the VICKERS 
HARDNESS TESTER 


FOR LABORATORY AND PRODUCTION TESTING 


Ww VERSATILITY 


Vickers is the only hardness tester made which can be used for 
ALL types of specimens, from the softest to the hardest. Loads from 
| to 120 kilograms can be applied, and the readings obtained 

are strictly proportional and in one continuous scale. Vickers 
Pyramid Numerals (VPN) are accepted all over the world. 


ACCURACY 


The accurately cut, highly polished diamond indenter makes 

a square impression in the specimen which can be measured with 
great accuracy. With any given homogenous material the 
hardness number obtained is always constant, regardless of load 
applied. Errors in reading are avoided since the readings 
appear as actual figures, not a scale. 





CONVENIENCE 





Load is automatically applied and then automatically removed after 
a pre-determined period. The sliding table then precisely 
positions the piece under the microscope, ready for reading. 
Knife edges in the eye-piece provide maximum and minimum 


limits for production testing of similar pieces 





B pplying a light load to check \ ae 
Wi urface hardness. Heavier load 

would fest sub-surface condition — 
7 all on ne scale range. 


\ 


Microscope can be used in fixed 
position for use with sliding table 
or it can be swung over the work 

for reading. 





| | | TESTING .' 
MACHINES 
Division of 
AMERICAN MACHINE AND METALS, INC. 
East Moline, Illinois 
New York * Washington « Denver + Pittsburgh + Cleveland + Detro 
Chicago * Houston + Los Angeles * San Francisco * Seattle 
Foreign Sales Office: Woolworth Building, New York 7, N.Y 
In Canada: Non-Destructive Testing Corporation, Toronto 
Frank O. Farey, Montreal 
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HIGH-SPEED HEATING: A new, 
gas-fired production heating machine 
has been introduced by Gas Appliance 


Service, Inc. This high-speed heating 
unit is best suited for two types of 
operations: (a) brazing plugs or 
adapters into ends of shell-type units, 
and (6) annealing mouths of shell 
cartridges. Heat is confined to the 
work area and excessive heating of 
surrounding portions is eliminated. 
Cups which hold pieces are provided 
with spindles which rotate while pass- 
ing through the heating zone. The 
manufacturer production of 


600 pieces per hour in a 60-in. diam- 


claims 


eter unit. Only one operator is re- 
quired for loading and unloading 
pieces. 

For further information circle No. 363 
on literature request card on p. 624B 


BANDSAW: Announcement of three 
new 15-in. bandsaw models which in- 
corporate several new advancements 
in design and performance was made 
recently by Tyler Manufacturing Co. 
The new units provide speed ranges 
from 80 to 5000 ft. per min. by a 
simple turn of a handcrank. There 
are no belts to change and no gears 
to shift. 
cated at eye level, the operator can 


From a speed indicator lo- 


tell at a glance the blade speed of 


the unit so that adjustments can be 
made accurately. A blade tracking 
arrangement is incorporated, having 
a large yoke that places the pivot 
point at the crown of the upper band 
wheel, which holds the crown in per- 
fect alignment with the bottom wheel 
at all times. 

For further information circle No. 364 
on literature request card on p. 624B. 


HARDENING AND TEMPERING 
FURNACE: The new Huppert No. 
869 combination hardening and tem- 
pering furnace with a Huppert Infitrol 
and electronic controller has been de- 
signed to give the operator automatic 
control of temperatures ranging from 
300 to 2200° F. Heretofore on electric 
furnaces of this type the lower tem- 
perature could not be controlled 
without additional control equipment. 
Since it is possible to obtain tempera- 
tures below the standard range of 
electric furnaces, this furnace can also 
be used in the oven temperature range 
for tempering. The new furnace is 8 
in. wide by 6 in. high by 9 in. deep 


with maximum current consumption 
of 4 kw. It is wired for 220-volt 
single-phase operation. 

For further information circle No. 366 
on literature request card on p. 624B. 


CARBIDE TOOL GRINDERS: A new 
addition to the Hammond Machinery 
line is a combination chip breaker and 


diamond finishing grinder. The cup 
wheel side is for diamond finishing 
The chip breaker side is not only for 
grinding chip-breakers but is also de 
signed for use with the new Ham 
mond solid carbide insert grinding 
fixture. Coolant is provided by self 
contained pump and tank unit. 

For further information circle No. 367 


on literature request card on p. 624B 


SAFETY VALVE: An important de 
velopment in the industrial gas field, 
Lock-Tite shut-off valve: is 
being offered by Eclipse Fuel Engi 
neering Company to provide complete 
and positive safety on all gas-fired 
installations. Feature offered by the 
new valve is that it makes possible 
instantaneous gas shut-off under any 
and all unsafe conditions. It can be 
supplied with electric solenoid for un 
safe flame conditions or with dia- 
phragm actuators to protect against 
failure of either low, medium or high 
pressure gas and air. 

One of its advantages that is de- 
signed to assure double safety pro 
tection is the manual-reset feature 
In case an unsafe flame failure 
condition occurs, the solenoid valve 


a new 
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becomes de-energized, causing the gas 
valve to snap shut and remain shut 
by a coil spring. The valve then can 
only be opened or reset by hand, and 
that can be done only after the unsafe 
This 
eliminates the possibility of the valve 
being 


condition has been corrected. 


accidentally or deliberately 
blocked open. 

For further information circle No. 368 
on literature request card on p. 624B 


ELECTRICAL SHEET: The devel- 
opment of an improved oriented elec- 
trical steel for use in wound trans- 
former cores has been announced by 
Armco Steel Corp. Available in two 
silicon steel has an 
exceptionally low core 
permeability. 


grades, the new 
loss and high 
One grade (4W) has a 
core loss limit of only 0.64 watt per 
lb. at 
when 


15 kilogausses and 60 cycles 
tested under the 
recommended for 


conditions 
commercial appli- 
cation. The corresponding limit for 
the other grade (3W) is 0.71 
per lb. 

For further information circie No. 369 
on literature request card on p. 624B 


watt 


TENSIONAL 
load cells for 
weights in tension only are announced 
by Baldwin-Lima-Hamilton 
Load capacities of the new 
Type “P” load cells are 
50,000 and 100,000 lb. Load measure- 
ment is based on the use of 


LOAD CELLS: 


measuring 


SR-4 


forces oF 


Cor p. 
standard 
10,000, 20,000, 


special 
SR-4 resistance wire strain gages 
shaft. 
within 


cells 


com- 


bonded to a_ load-carrying 
Accuracy of 
©%%. of capacity. The 
are temperature and 


measurement 1s 
rated 
modulus 
pensated. Successful applications in- 


clude static load tests on aircraft 


structures and assemblies, suspension 
of tanks and platforms, measurement 
of thrust 
cable tension testing. 

For further information circle No. 370 
on literature request card on p. 624B 


carried in tension, and 


MICROHARDNESS TESTER: 
Cliff Laboratories have 
major 


Kent 
recently made 
Kentron 

Knoop 
or Vickers hardness tests. The test 
ing load range has been increased ten 


fold; 


improvements in the 


microhardness tester used for 


it now applies dead weight loads 





= WHY DO IT THE HARD WAY ? 


Wh 
KConTROLLEO ATMOSPHERE HEAT TREAT- 
MENT CAN BE SIMPLE AND SURE... AND IT 
DOESN’T TAKE COMPLICATED EQUIPMENT. 








HOW? USING THE DELAWARE FURNACE- 





DELAWARE TOOL STEEL CORP. 


WILMINGTON 99, DELAWARE 


— 





Get the FACTS on the simple 
DELAWARE Controlled At- 
mosphere Furnace. One 
furnace does every heat 
treating job on every type 
of tool and alloy steel. No 
scale. No decorburization 

No hokus pokus Send 
for Bulletin F-1, 





BULLETIN F-1 





* * * STRAIGHT FACTS on Controlled 
Atmosphere are included in DELAWARE 
Send for your copy today. 


DELAWARE TOOL STEEL CORPORATION 
WILMINGTON 99, DELAWARE 
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from 1 to 10,000 grams. The me- 
chanical stage is designed so that the 
test specimen slides underneath high 
powered objectives up to and includ- 
ing 1000 » 


magnification, without 


disturbing the focusing of 


indexed vise 


original 
the microscope. A new 


for holding mounted specimens fits 


into the mechanical stage. By align- 


ing vise index with an index scribed 
on the specimen mounting and record 
ing the 


and Y 


can be 


micrometer readings of the X 


axes on the stage, impressions 


located readily any time afte 
the original testing. 
For further information circle No. 371 


on literature request card on p. 624B 


ABRASIVE CUTTING 
Campbell Machine Div. 


MACHINE: 
has announced 
a new wet abrasive cutting machine 
that 


annealed or unannealed steel and 3%%- 


cuts up to 2-in. diameter solid 
in. diameter 
of the time 


less of the size 


tubing. No adjustment 


cycle is required, regard- 
of stock being cut or 
the length of the feed up to 12 in. 
Every operation is automatic. 

For further information circle No. 372 


on literature request card on p. 624B 


CATHODIC ETCHER: = The 
ability of new, 
ment for 


avail- 


high-vacuum equip 


cathodic etching has been 
Distillation Products 
a division of Eastman Ko- 


The new equipment is based 


announced by 
Industries, 
dak Co. 
on cathodic 
which the 
barded 


etching principles in 


sample of metal is bom 


with glow discharge at cer- 


tain low pressures. The unit is ex- 
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pected to be useful fo 


Etching is 


particularly 
studying cold flow lines. 
produced rather than 
chemically, so that there is less dan- 
ger of 


chemical artifacts. 


physically 


forming oxides and other 
Under the bom- 
bardment of ions the grain bounda- 
ries in metals are attacked at a 
different from the 


of the metal crystals, thus in 


rate main bodies 
many 
cases bringing out the crystal shapes 
and other characteristics of the metal 
with greater clarity than is possible 
in an acid etch. 

For further information circle No. 373 
on literature request card on p. 624B 


PERMEAMETER: 


meameter fo! 


A “High-H” per 
magnetic testing, 
similar to the 
built and described by 


Bennett at the 


instrument originally 
Sanford and 
National 


Standards, is now 


Bureau of 
manufactured by 
the Rubicon Co The 


suitable for 


instrument 1s 
exact measurements of 
normal induction, hysteresis and other 
characteristics of magnetic materials 
which require magnetizing forces up 
Features 


small 


to more than 5000 oersteds. 
of the 
men 


instrument are: speci- 


size, direct-reading calibration 


system, remotely controlled flip-coil 
system for 
H-coil for 


surface of 


double 
extrapolation to 


measuring H, 
simple 
specimen, means for 
positioning of specimen in horizontal, 
lateral 


vertical and directions by 


calibrated screw 
controlled reversing 
circuit. No 
cooling system is required. 

For further information circle No. 374 
on literature request card on p. 624B 


adjustments, and 
remotely switch 


in magnetizing special 


SPECTROMETER: A direct-reading 


spectrometer, the production control 
Quantometer, for almost instantaneous 
analysis of metals, is announced by 
Applied Research Laboratories. Based 
on spectroscopic principles, it em- 
bodies the additional feature of pro- 
viding pen-and-ink recorded analyses 
of samples, element, 


within a period of 2 min. or less. A 


element by 


single instrument can measure 25 ele- 
ments up to 20 simultaneously. 
For further information circle No. 375 


on literature request card on p. 624B 


D.-C. ARC WELDER: A new are 
welder of the selenium-rectifier type 
has been announced by Miller Electric 


Manufacturing Co. Made in two mod- 


els 40 to 250 amp. and 60 to 375 


amp it has are start surge, electric 


current control making possible re- 


mote control operation, no moving 
parts, no replacement stock such as 
brushes or bearings, and instantane- 
ous voltage recovery to give greater 
are flexibility. The 
used effectively for inert gas welding; 
units can be paralleled for high cur- 
rent application. 

For further information circle No. 376 


on literature request card on p. 624B 


welder can be 


Minimize machining 


reduce waste with 


Kolorkote 


AiR . 
HARDENING <j = 
eR 


MARKING TAPE: A new 


sensitive tape or 


pressure 
which you can write 
from the 


Pressure of the 


is now available Labelon 


Tape Co, writing 
instrument rather than the lead makes 
The adhe 


sive requires no moistening and will 


the impression on the tape. 


adhere to metal, wood, glass, plastics, 
ceramics or almost any clean surface 
For further information circle No. 377 
on literature request card on p. 624B 


WATER 
HARDENING 


Oil 
HARDENING 
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from G. 0. CARLSON, INC. 


@ These pattern cut stainless pieces were powder cut to 
specification from plate — in tandem — and then cut 
apart by our special abrasive cutting equipment. By 
so doing, time was saved and material was used to 


best advantage. 


The critical need for stainless steel plates makes it 
necessary for G. O. Carlson, Inc. to use every possible 
means to conserve material and expedite shipment. 
You may be assured that no stone is left unturned to 
accomplish these objectives in the face of conditions 


which are apparent to all industry. 


Stainless steel is our only business... and we know it, 


CARLSON wwe. 


Stainless Steels Exclusively 
300 Marshalton Road, Thorndale, Pa. 
PLATES « FORGINGS « BILLETS ¢ BARS « SHEETS (No. 1 Finish) 


District Sales Offices and Warehouse Distributors in Principal! Cities 
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378. Abrasive Wear 

Giese aie Pura ag hs 
pepdiadl goupenios of Cee Raveniiay ES 
379. Alloys, Fabricated 
380. Aluminum Coating 
R " i ble Dout 


le 
le g 1 face rt " dimer 
( 


381. Aluminum Forgings 


uum Co. of America. 

382. Aluminum Pig 
12-page bulletin de ‘ i 

' it pig r electr ed 

Mills. Reynolds Metals ¢ 

383. Blackening Process 
New bulletir llustrating 1 de 

Eb blackening | 

Enthone, In 


384. Blast Cleaning 


385. Brazing 
\jax t batt Draz XK 
ttn 38 aie 
e bras 

; ae | Lye 

Brinell 

' del Hr € 


386. 


Testing Machines, In 
387. Bronzes, Cast 
New g read \ 

ir ze ta 

Ren r C 

388. Castings 
New bookk H 
389. Castings 
Ohio steel Foundry ¢ 
390. Castings, Nonferrous 


391. Cast Irons 

Prod Nodular ¢ 

Ang bony . 

Amer Cerium Me Cor 

392. Cleaning Brushes 
New t et 

393. Coatings, Metal 
Explanat hig 








394. Combustion Chambers, 
ot Seton 

M-9602 describes the —_— combustit 

d hk. impervious graphi 

1es operation of the cot 

out the princ ipal feature 

f corrosk minimu 

to withst — therm al shox 

installed first cot 


Cc ‘ontour pares tor 
tive booklet available 





396. * Copper Alloys 
Bulletin B-39 de be 

: ally pr Twin 

ol warlecs tar cold~wething 

American Brass ( 


397. Copper: Alloy Tubes 
et ; 


Life Extension {or 





Revere ( er & Br 


a8. co opper We iding 
18 ' 





et cera. Air Reduction Seles ¢ 
399. “€ atting Oil 
Ne w booklet silable on **¢ 
n Ser r vides { 
ain Guat % 


se Sean te THINSTEEL LOCKS UP 
Wi. De = : ‘ ‘a MR. 0. V. cercduction Enemy) 


DC.50 
DriCoolers in a wide range of ca 
fox epacil g jot Marle . — 
02. Drs C yaniding What a grand feeling it is to have smooth 
New 4-page bulletin SC-145 presents tnt running production of cold-rolled strip 
ee te nee ea Sige steel parts— consistently getting maxi- 


{ nel , " 


iquid quenching and slow cooling operations mum yield per ton, particularly important 
oa samtsnentye «cal now when every ton of steel must be 
103. Electron nA oe — ' stretched as eel possible. That’s the 
is Geserthed and Mustentes titres typical result in plants using CMP Thin- 
104. Finishes steel, precision cold-rolled strip in low 
mation and sample carbon, high carbon (annealed or tem- 

Proda pered) and stainless grades. 
105. Finishes Where Thinsteel deliveries are possible 
N Mack, Beck’, gives fall Gusts cn BS under today’s conditions you can have the 
*Mutchell-Bradford Chemical same experience, too. It gives you con- 
Forging trol of OVERSIZE VARIATION in 
Pe nage Sad Sciek apadntent Gnaieiae thickness, not uncommon in ordinary 
t rte _vretection of of types of ermame -~ and “locks out” for good this enemy 

- “wae of maximum parts per ton. 

— pe erit Now, CMP’s problem is to get more 
ee Thinsteel production to match demand. 
relat a | We are meeting it with new mills and 
498. Furnace other increased facilities and we are 
, Descriptive bulletin available on, increased p keeping the expansion program moving. 


nace Edipse Fuel Engineering 


109. Furnace Atmosphere 
Bulletin F-1 gives full description of versati 
mtr led at sphere for all fhe fr 


wen THINSTEEL 


Furnace ‘ ‘ontrols bodice? 
atalog 51-1 of 
s and 


Furnaces 
+ “nodel mg yt fg yg the Cold Metal Products co. 
d and batch o pot-type furnaces. Desa YOUNGSTOWN 1, OHIO 


- Furnaces Pee NEW YORK * CHICAGO * DETROIT * INDIANAPOLIS 


LOS ANGELES * ST. LOUIS 








394. Combustion Chambers, 
Graphite 


M-9602 describes the graphite combustion 9 
chamber d Karbate impervious graphite 
rner n 5 Outlines operation of the cor 


out the principal features 


ctl. ee ae IN MANUFACTURERS’ LITERAT 















Carbon ( 


395. € ontour Projector 
New di criptive booklet available on the Kodak 
P Model 





























( ng 114. Furnaces 
: . rein epee Seb se 
— Westinghouse Electric Cor 
; 115. Furnaces 
Type 304: 44" x 7%" x 8%” ' pv Fee polly ure Bey sce need ow 
: Bulletis r-base for heat trentinn teats cast » allow of 
. . ~y le g i 
a imericen Br ( i dl a ’* 1.4 
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es desig xid 
P = luction ope Harper Electric Furr 
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ect ed ge tor 1 MIHI rated 1000 g 
© g g R 
399. “¢ utting Oil “ seeoner ips 
New booklet Gulf Periodic refinery gases. C. M. Kem ( 
sree Dnt pr des 1 poor: =.) 119. Gears 
Cor Informat pe g g spe i 
° : ° including Ne spur, beve tre, Sy& Her K 
100. Die Castings seman doe mg ag ge ig ; 
Interesting 12-page bullet Hoover d N ation Erie Cor 
gs—their advantages in stepped-up prod 120. Hardness Tester 
are designed and ma i. The H llustrated r describing the A 
ri Die ¢ D ine : < 
1 and fla dimes Pre n Machine W 
) ‘ “ ". 
101 Dy Cooler aera 4121. Hardness Testers 
Drit wick ge apacitie id de g Bullet DH-114 
T apes g jobs. Marley ¢ Tukon hardness testers fo ; 
102. ‘Dry € -yaniding terials. A led is bulletin DH-7, giving 
“ry bulletin SC-145_ presen ; xperiences is fields. Wilson Me 
developme mod } ling nstrume ms : 
process, with equipment a 7 upplications. Bot 122. Heat Treating 
‘ liq juenching and ‘ g operat eet seinen , 3 
from CG. Oo. CARLS®O: described tak attain co al 150 100 and 50-p 1 
103. Electron Mic ‘roscope enientl ated stock points. Send 
The new table model RCA elect ‘ oo : a. 
= : fescribed and illustrated in a 12-page book “He “at Treating 
@ These pattern cut stainless Radio Corp. of Ameri i w Ca 
a Se : 104. Finishes = é 
‘ _ ws ) ° ) > eo i formation and pl Iridite Al-« — - 
specification from plate ll informati whe itidke Al-Co Heat Treating 
. ; d steel lightweight sheet 
apart by our special abra g ca x 
. ‘ 1 de 1 nest wr “ 
so doing, time was saved ’ poe = pper ~ 
1-Bradford Chem ( 425. He at Treating 
best advantage. es Seeeaes See eee Sap 28 one 
lesigning 1 na, ; 7 
g equit . Fur 


The critical need for stai 


necessary for G. O. Carlson [ © If mailed from countries ot 


amount of postage stamps m 


means to conserve materi 





Genin. iter lent 
‘ a 108. Furnace 
accomplish these objective Sesniatien Ratiatin sivaldiihe on ineveceed « 
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which are apparent to all race. Eclipse Fuel I 
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re Tool Steel Cor ’ 
‘ Furnace Controls 
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28-page condensed catalog 51-1 
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126. Heat Treating 
Equipme nt 


I 1 literature availabl 1 Heil imperv 

graphite “Nocordal” units. Heil Process Equip- 
e 127. Heat Treating Small 
Parts 
t Bulletin 78 describes time we Be 

want teenies rnace cially designed for 
mall pa nley Electri Mre < 
428. Sadies tion Heating 


Bulletin ited furnishe ill de ls 
he te -m safet ntrol t 





duct 
430. Lead Testing 
501 give let t niversal 
three range Model TMU-A 
0 30,000 0-6000, 0-600 Ib M fel TMU-1 
0-15,000, 00-3000, 0-300 It For 


431. "Melting, induct ‘tion 








ine istrated du 
t ng is mpr cf tect 
ast “4 neimneerin 
432. Me tal ¢ eating 
New 64-page stalog No. 28 gives price d 
working saws and products, Mar 
Pie ’ { 
< 133. Metal-Forming 
Lubrication 
New bulletin 426 10A describe how lloidal 
rapaite n sol ’ ricats rot Pat. Applied for 
eta rmi « perat at emper ire 
be ‘ t $000"! 1 n ¢ ids Cor 
134. “Me -tallography 
‘ des ie new! 


log 





Balphot t etall gr aph with 


mb Opti ( 


135. “Me tal Spinning 


Sete AUTOMATIC HEAT TREATING UNIT 


136. Metalworking Data File 
gertip reference file tains engineering 


eee ee perceatnes 2 Zone Control...Ideally Suited for ~ 
sa iiaicceal atti la / BRIGHT CARBURIZING and | 


ps must be affixed for returning card 


ee | ¥ BRIGHT CARBONITRIDING 


FIRST CLASS @ To meet the demand for a larger capacity furnace our standard 
PERMIT No. 1595 
(Sec. 34.9 P.L. &R.) 

Cleveland, Ohio boosting the capacity to over 600 Ibs. per hour. Individual con- 


trol of each heating zone gives a wide flexibility. Typical use of 











T-250 with all its features, has an additional heating chamber, 











these units is for DEEP CASE carburizing. Heating in first zone at 





1750° F. and lowering to 1575° F. in the second zone for quench- 
-EPLY CARD 


if Mailed In the United States 


-L BE PAID BY— 


ROGRESS 
301 Euclid Avenue 
CLEVELAND 3, OHIO 


ing. Work is automatically loaded, transferred and quenched. 








Write for IPSENLAB periodic sheets showing actual case histories 


IPSEN INDUSTRIES, INC. 


MAIN ae 2 a . ROCKFORO ILLINOTS 
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THINSTEEL LOCKS UP 
MR. 0. V. (eroduction Enemy) 


What a grand feeling it is to have smooth 
running production of cold-rolled strip 
steel parts—consistently getting maxi- 
mum yield per ton, particularly important 
now when every ton of steel must be 
stretched as far as possible. That’s the 
typical result in plants using CMP Thin- 
steel, precision cold-rolled strip in low 
carbon, high carbon (annealed or tem- 
pered) and stainless grades. 

Where Thinsteel deliveries are possible 
under today’s conditions you can have the 
same experience, too. It gives you con- 
trol of OVERSIZE VARIATION in 
thickness, not uncommon in ordinary 
strip, and “locks out” for good this enemy 
of maximum parts per ton. 

Now, CMP’s problem is to get more 
Thinsteel production to match demand. 
We are meeting it with new mills and 
other increased facilities and we are 
keeping the expansion program moving. 





THINSTEEL 


teat wa 





the Cold Metal Products co. 


YOUNGSTOWN 1, OHIO 


NEW YORK * CHICAGO ® DETROIT * INDIANAPOLIS 


LOS ANGELES ® ST. LOUIS 








WHAT'S NEW 


IN MANUFACTURERS’ LITERATU 




















a- rs 
437. Nic kel Alloys 4 

Bulletin T-7 contains 24 pages of new data on 
high nickel alloy, Inconel, with table on compo 
sitions and properties as well as information on ch 
“Inconel X"', one of the newer age hardening Inco inj 
nickel alloys. Jnternational Nickel Co ex 
138. Oil Quenching 1 

Catalog V-1146 gives detailed information ot 
self-contained oil coolers, together with easy selec sh 
tion tables. Bell & Gossett Ce co 
© . . ur 
439. Oil Quenching i 

New folder available on oil quenching without 1 
distortion, using hot oil at temperatures up to 
350°F, without undue thickening or oxidati yn Tr 
E. F. Houghton & Cx n 
440. Oils, Cutting 1 

Facts on more efficient and economical vias t 
operation through use of right lubricant ‘des ribed 
in “Metal Cutting Fluid book Cities Service : 
Oil ¢ rl 
41. Oils, Cutting» 

For the right combination uit your specifix Ww 
requirem rents send for your copy of “Cutting Fluid p 
Facts D. A, Stuart Oil Co. 1 
442. Organic Solvents 

64-page handbook packed with informatior n 
including antretes ot defir is in 
tables, testing method i pr tl 
on = ae variety x v 
use Pocket-size re 
Chemicals ( uf 1 
143. Ovens 

Bulletin 4-T describes complete line of batch ‘ 
and conveyor-type over requir t 
ment in ferrous and nor reating and 
also light alloys. Young Broth { 
+44. Polishing, Me tallographic 

For preparation of fine metallographic me 
mens, a sturdy eae perating table-mode o| 
metallogré polisher is described in bulletin 90 { 
Eberbach & Son ( 

445 P 
oD. ote ntiome ters 
mtrol of temperature 
Pressure ow, atc, Dietallea te bulletin 
Foxboro Cc B 
446. Power Brushes L 

New 76-page catalog simplifies selectior m™ 
brus wt lividual job I sn € ) 
cok f Various tyy brush 
operation. Osborn Mfg. ¢ t 

} 

- 

147. Que ne hing = S 

Bulletin F-7 des r tion quenching 
oil with mineral any "and anti-oxidant i 
providing deep hardenin less distortion and 
bright qu h I t rat t 


© If mailed from countries outside 1 
amount of postage stamps must be 
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448. Radiography 
Literature available on Allis-Chalmers Betatron 
for heavy-duty industrial radiography Exposure 
charts showing how you can X-ray complex cast- 
ings and forgings or entire assemblies with 
exposure Picker X-Ray Corp 
. . > 
449. Reclaiming Process 
Complete data on Engelhard Reclaiming Process 
showing how on one 30” long platinum thermo 
couple it saved 53% compared with cost of a 
unit, Chas. Engelhard, Ine 
= . 
150. Refractories 
40-page booklet, “Super Refractories for Heat 
Treatment Furnaces’, gives recommendations for 
many specific types of furnaces. Carborundum Co 
151. Refractories 
Complete details on refractory cements for every 
nonferrous melting operation are available 
catalog 863. Norton ( 
152. Refractories 
New catalog entitled “Lec Zircon Refractory 
Ware” lists and describes zircon-base refractory 
products offered. Laboratory Equipment Co. 
153. Refractory 
New 4-page illustrated folder, “J M-3000 Insulat 
ng Fire Brick resents economic advantages 
n ractory properties of 
i se at 3000°F John 
o : oh 
154. Safety Tongs 
Bulletin ST-501 describes new, light. strong 
magnesium-alloy safety tongs especially designed 
to « sh if caught in die opening without damage 
to die itself Magline, In 
Salt Baths 
Valuable technical information available on heat 
treatment and molten salt bath operations 
duPont de Nemours & ¢ 
- . . . 
156. Specimen Cut-Off 
Machines 
This folder describes the complete Buehler 
it-off machines Five “iels are available 
, for samples from 14” diameter to 3” diameter, 
Buehler, Lid 
157. Stainless Steel 
New Carpenter stainless slide chart, available 
n request 





furnishes complete information 


workability r many grades 


tables and data on blanking. deep drawing, forg 
« Carpenter 


heading machining and welding 


158. Steel Bar Stock 





New bulletin AM-100 describes new develop 


ar stock, cold drawn in 
sections to fit specific purposes, A 


ment in s 


ide the United States, proper 
t be affixed for returning card 


iterature circled at the left sent to me. 


Title 


nufactured 


t be mailed prior to August 1, 1951— 
dents should write direct to manufacturers. 


*l with useful 





Milne & Co 


459. Steel, Forging 

Technical bulletin 31 furnishes helpful informa 
tion on stainless forging problems and includes 
specific data on chemical composition of alloy steels 
Timken Roller Bearing Co. 


160. Steels, Alloy 


New book is now available on the selection of 
the proper alloy steel grades for each manutac 
turer's needs. Write for free copy “Wheelock 
Lovejoy Data Book Wheelock, Lovejoy & Co 


161. Steels, Alloy 
New 16-page, pocket-size booklet entitled 
Republic Alloy Steels and How to Get the Most 
Out of Them” contains seven case histories selected 
from widely varied fields to demonstrate the versa 
tility of alloy steels, Republic Steel Corp 


162. Steels, Low Alloy 


You can have one-third more production through 
the use of i-Steel, which has nearly twice the 
working strength of ordinary steels plus the ability 
to stand up under impact loads. Send for booklet 
Inland Steel Co 


163. Steels, Stainless 


Weekly lists with analyses of all plates in stock 
will keep you regularly informed on latest data 
G. O. Carlson, Ine 


164. Stress-Relievi 
New 4-page catalog folder describes how many 
unnecessary cleaning operations can be eliminated 
by new, practical, Steam Homo method for stre 
relieving of small brass parts. Leeds & Northrup ¢ 


- on : . ° 
165. Tempilstiks 

Basic Guide to*Ferrous Metallurgy a pla 
laminated wall chart in color, furnished on request 
Claud S. Gordon Co 


, . 
166. Testing 

New 30-page catalog on screw power universal 
testing machines and accessories includes illustra 
tions and details of construction and specifications 
Also information on special tools for different tests 
Riehle Testing Machine Div., American Machine © 
Metals, Inc 


167. Testing Machine 

Bulletin 40 contains full details on the new 
low-cost Super “I testing machine with Select-o 
Range indicating system Tinius Olsen Testing 
Machine Co 


, . 
168. Tool Steels 

Full information on uses, compositions 
treatment of carbon and carbon-vanadium tool 
steels. WVanadium-Alloys Steel Cc 


169. Tool & Lab Furnace 


New literature on hardening and tempering 
furnace designed to give automatic control of the 
entire temperature range from 300 to 2200°1 
K. H. Huppert Co 


- a . 
170. Tubes, Bars, Steel 

New stock list now available on 52100 tubing and 
bars as well as ring forgings. Peterson Steels, In 

- oa . 
171. Turbo Compressors 

New 12-page bulletin 126-A provides detailed 
information on application of turbo compressors to 
oil and gas-fired equipment used in heat treating 
agitation, cooling, drying, gas boosters and pneu 
matic tube systems Performance curves and 
tables of capacities for both vacuum and pressure 
applications are included Spencer Turbine Ce 


—< : 
472. Vacuum Calculator 
Slide rule for quick calculation of data necessary 
in vacuum engineering and processing for 
instance, pump capacities and time to reach given 
vacuum Pertinent conversion tables on back 
J]. Stokes Machine Co 


-: 
173. Vacuum Metallurgy 

Bulletin entitled “National Research Corp. and 
Vacuum Metallurgy” gives brief resume of the 
vacuum metallurgical operations and background 
of this company and of the research and develop 
ment facilities and services available to the metal 
National Research Corp 














and heat 


lurgist 


- . 
174. Vapor Degreasing 

Pamphlet on properties and use of trichlorethy 
lene as a solvent tor vapor degreasing of metal 
parts. Niagara Alkali Co. 


=< : . : 
175. Welding Stainless Steels 

The Welding of Stainless Steels’’, a new 48-page 
handbook, describes all phases of stainless steel ar 
welding. It discusses and illustrates the metallurgi 
cal background, specific uses of alloying element 
and facts in general pertaining ¢ welding 
tainless steels McKay Co 


. . . 
176. Welding Stainless Steels 

For all users of welded stainless steel equipment 
a detailed account of the properties of extra-low 
carbon stainless steel is provided in technical 
paper, stance to Sensitization of Austenitix 
Chromium-Nickel Steels of 0.03% Max. Carbon 
Content Electro Metallurgical C« 


= es : . 
177. Zine Coatings 

16-page illustrated booklet discusses the origin 
of galvanizing, the various zinc coating methods 
employed today and the advantages of zinc as a 
Protective coating for iron and steel products, 
St. Joseph Lead Co 





RNACES 
‘ITH 
SARBON, 
{AGED 
NS EACH 


‘strong! 





mal Carbon Company has 
lipped 53 furnaces with car- 
tk linings. 27 of these linings 
oduced over 1,000,000 tons 
ipiece at this writing. 10 of 
ings have produced 1,500,000 
@ lining has topped 1,900,000 
linings are still going strong. 
think of no stronger proof 
ilue of “National” carbon for 
ast furnaces. 





@ “National” is a registered trade-mark of 
TIONAL CARBON COMPANY 

a Division of 
| CARBIDE AND CARBON CORPORATION 
(Bast 42nd Street, New York 17, N.Y. 
2 Sales Offices: Atlanta, Chicago, Dalles 
City, New York, Pittsburgh, San Francisco 
aadai Mational Carbon Limited, Toronto 4 





(ATIONAL CARBON prooucts § 


NDER NOTCH PLUGS + SKIMMER 


MOLD PLUGS + TANK HEATERS 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





437. Nickel Alloys 1448. Radiography 


Bulletin T-7 contains 24 pages of new data on Literature available on Allis-Chalmers Betatron 
high nickel alloy, Inconel, with tables on compo for heavy-duty industrial radiography Exposure 
itions and properties as well as information on charts showing how you can X-ray complex cast- 

Inconel X"’, one of the newer age-hardening Inco ings and forgings or entire assemblies with one 
nickel alloys. Jnternational Nickel Co. exposure. Picker X-Ray Corp 

. . * . . 

138. Oil Quenching 449. Reclaiming Process 

Catalog V-1146 gives detailed informatio Complete data on Engelhard Reclaiming Process 
self-contained oil coolers, together with easy ‘ showing how on one 30” long platinum thermo 
tion tables Bell & Gossett Co. couple it saved 53% compared with cost of a new 


© . . unit as. whard, In 
139. Oil Quenching eee 

New folder available on oil quenching without 150. Refractories 
distortion, using hot oil at temperatures up to 40-page booklet, “Super Refractories for Heat 
350°F without undue thickening or oxidation Treatment Furnaces’, gives recommendations for 
I Houghton & Co many specific types of furnaces. Carhborundum C« 


440. Oils, Cutting 151. Refractories 
Facts on more efficient and economical plant Complete details on refracto 
yperation through f right lubricants described nonferrous melting operation 
in “Metal Cutting Fluids” bo sklet Cities Service catalog 863. Norton Co 
Ol Ce 26 . 
“1. O 152. Refractories 
: Oils, C utting New catalog entitled “Leco 
the right combination sui iT f Ware’ lists and desc rit 
lirements, s¢ od fee »py of ng Fluic products offered ee 
re acts D, A, Stuart l 
142. O .s , 153. Refractory 
4 rganic Solvents New 4-page illustrated folder, ““-JM-3000 Insulat 
handbook packed formation ing Fire Brick presents economic advantages 
hundreds of defini nm com rt 1 | applications and rt ctory properties of 
esting n rethods t ripti this sustained use at 3000°I John 


Safety Tongs 
Bulletin ST-SO1 de w, light, strong 

magnesium-alk safet specially designed 
Sulletir t rush if « aaaie in di ning wit it damage 
and conveyor-ty \ me T r to die itself Maglin ne 
ment in ferrou G t i ng 
also light alloys 1g Broth 155. Salt Baths 
144. souager ates senate a ee es eer 
fine metallographi ju Po le Nemours & 
th-operating table ule 


ibed in bulletin ‘ 5 Specimen Cut-Off 
_ Machines 


sider des cribes the complete Buehler line 
off s. Five models are available 


ccna” 


wr control of ten 


etc. Details in bulleti: for rom 4” diameter to 3’ diameter, 
Buch er Lid 


157. Sesintes ss Steel 


hart 


gr <> f steel with 


Osborn P les at n blanking. deep drawing. forging 


- welding Carpenter 
447. Que ne hing Oil L Ce 

Bulletin escribes triple-acti achios ve . ; 

i wah minueh tenia ond anton 158. Steel Bar Stock 
providir r n less st an \ illetin AM-100 describes new 


bright ng proper in temper re up ment it el bar sto i drawn 
450°} 4 3 sect ) « t purposes 4. d 


© If mailed from countries outside the United States, proper 
amount of postage stamps must be affixed for returning card 


METAL PROGRESS 


7304 Euclid Avenue, Cleveland 3, Ohio 


May, 1951 





Please have literature circled at the left sent to me. 


Name Title 
Compeny 

Products Manufactured 

Address 

City and State 


Postcard must be mailed prior to August 1, 1951— 
Students should write direct to manufacturers. 











459. Steel, Forging 
Technical bulletin 31 furnishes helpful 
stainless forging problems and in 
om po of allo 
Timken Roller Bearing Co 


160. Steels, Alloy 


New book is now available on the sele 
the proper alloy steel grades for each manuf 
turer's needs. Write for free co Wheelox 
Lovejoy Data Book W heelo ‘ 7 


- Steels, Alloy 
New 16-page., pocket-size 
Republic Alloy Steels and How 
Out of Them” contains seven case |! 
from widely varied fields to demons 
tility of alloy steels Republic Steel ¢ 


162. Steels, Low Alloy 


You can have one-third more prod 
the use of i-Steel, which has r 
working strength of ordinar 

to stand up under impact 


Inland Steel Ce 


163. Steels, Stainless 
Weekly lists witt ly f all plat 

will keep you regularly 

G. O. Carlson, Ine 


164. Stress-Re ‘lie ving 
New 4 page catalog f 

by new, practic 

relieving of 


165. 

Basic Guide t 
lan inated Ww all char® 
Claud S. Gordon ¢ 


166. Testing 
New 30-page atalog 
testing machines 
s and 
int t n special to 
Riehle Testing Machine Div., Amer 
Metals, In 


167. Testing Mae hine 
Bulletio 40 contait d 
yw-cost Super “L” testing 1 

Range indicating syster 

Machine ( 


68. pool Steels 


at 


mr en and 


dimm-All s cel ( 
Tool & Lab Furnace 
New literatur n hard 1 it 
lurnace . zi J 
entire 


K. H. Huppert 
170. Tubes, Bars, Steel 


New stock list nov silable on 52100 t 
well as ring forging Peterson 


Turbo Compre ssors 


appl ations are 


472. Vac uum ¢ ale ulator 


173. Vacuum Met allurgy 
Bulletin entitled “National Res 

Vacuun Metallu i 

vacuum metallurgic 


V ‘apor Degreasing 
Pamphlet or 
lene a 
parts. Niag 


475. Welding Stainless Steels 
The Welding of Is", a new 48-page 

handbook il pt te anal oe 

welding 

al backgr 


peor 


176. Welding Stainless Stee ‘Is 
For all users of welded stain ‘ 
a detailed account 


Re istance , nsit tior t 
Nickel Steel f 0.03% Max 
Electro Metallur al ¢ 


Zine Coatings 
16-page illustrated booklet dis 
of galvanizing ' 
employed today 
protective 
St. Joseph Lead ( 





53 BLAST FURNACES 
LINED WITH 
NATIONAL CARBON, 


TRADE-MARK 


HAVE AVERAGED 








1,000,000 TONS EACH 


—and still going strong! 


@ National Carbon Company has 
now equipped 53 furnaces with car- 
bon-block linings. 27 of these linings 
have produced over 1,000,000 tons 
of iron apiece at this writing. 10 of 
these linings have produced 1,500,000 
tons. One lining has topped 1,900,000 
tons. All linings are still going strong. 
GUESS 1 AINT $0 Hor... We can think of no stronger proof 


NOTHING | DO of the value of “National” carbon for 


SEEMS TO FAZE THIS lining blast furnaces. 
DOGGONE STUFF / 





The term “National” is a registered trade-mark of 
NATIONAL CARBON COMPANY 
a Division of 
UNION CARBIDE AND CARBON CORPORATION 
30 East 42nd Street, New York 17, N.Y. 


District Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 


In Canada: National Carbon Limited, Toronto 4 
NATIONAL 
CARBON 


oTHER NATIONAL CARBON propucts § 


BLAST FURNACE LININGS + BRICK +« CINDER NOTCH LINERS + CINDER NOTCH PLUGS + SKIMMER 
BLOCKS + SPLASH PLATES + RUNOUT TROUGH LINERS + MOLD PLUGS + TANK HEATERS 
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says LEAD 


to harmful radiation 


The harnessing of atomic energy has brought with 
it the problem of controlling the powerful rays emit- 
ted during atomic disintegration. Basically, protec- 
tion from these rays is similar to the protection 
afforded by lead against the harmful effects of 
X-rays and radium emanations. Despite the enor- 
mous penetrating power of the rays emitted by 
atomic pile reactors, lead is still the most important 
metal for guarding personnel against harm by radi- 
ation exposure. 

The impermeability of the shielding material 
is a function of its density. Lead, which is the densest 
commonly available metal, will give the greatest 
protection per unit of thickness, and for that reason 
is the least bulky and usually the lightest and most 
economical for such shielding. Other advantageous 
properties which recommend the use of lead for this 
purpose can be summarized thus: + Lead is relatively 
abundant, low in cost and has a high salvage value 
* Lead is radioactivation-proof; it does not become 
contaminated by exposure to radiation and thus 
may be used continuously without fear of itself 
becoming radioactive * Metallic lead has an advan- 
tage over various aggregate materials such as con- 
crete in that a uniform density is guaranteed 
throughout * Lead is easily utilized for this purpose; 
in the form of brick it is readily shifted from place to 
place for temporary protective requirements. 

Since none of its physical and chemical charac- 
teristics are altered by this type of service, the 
metallic lead used in radiation-barriers is recover- 
able and thus increases the nation’s strategic, lead- 
in-use stockpile. 
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THICKNESS OF LEAD REQUIRED FOR SHIELDING FROM GAMMA RAY SOURCES 
(Table prepored by the NATIONAL BUREAU OF STANDARDS) 

Select the columi. for the energy required. The entry gives thickness in 

centimeters of lead for different radiation strengths at 1 meter for 8 

hours per day to give 50 milliroentgers. Then add algebraically the 

correction terms for other working ranges or times to obtain the shield 

thickness required. 


Example: Shield is required for the manipulation of 500 millicuries of 
radioactive material emitting 1.8 electron volts (Mev) gamma rays at a 
minimum working distance of 50 cm., and for 4 hr./day. 

Shield thickness = 8.60 + 2.77 — 1.39 = 9.98 cm. of lead in which 

(a) (b) (c) 

a = basic entry. 

b = correction for danger range = 50 cm. 

¢ = correction for 4 hr./day. 





One face of the Clinton chain-react- 
ing uranium pile is equipped with 
holes for experimental purposes. 


No. 20. The thick house of leod 
bricks in the foreground stops the 
beam after passing the experimen- 


wo physicists are demonstrating 
an experiment with a defined beam 
of radiation emerging through hole 


tal device. Lead bricks in background 
ore available for shielding wher- 
ever needed. U. S. Signo! Corps photo 


ST. JOSEPH | F AD) co. 


250 PARK AVENUE, NEW YORK 17, N. Y. 


THE LARGEST PRODUCER OF LEAD IN THE UNITED S ATES 








with TOCCO* Induction Soldering 


The American Emblem Co. wanted to speed production, cut costs and reduce 
rejects in the assembly of their“‘Ruliter” Cigarette Ignitors. Look what happened 
when they switched from hand soldering to automatic TOCCO soldering! 


COSTS DOWN — Solder cost reduced 50%— REJECTS ELIMINATED—Formerly rejects due to leak- 
repairs and rework due to misalignment of ing seams and uneven heating were frequent. TOCCO 
parts cut 98%. has eliminated these completely. 

PRODUCTION UP—A7%kw 9600 cycleTOCCO TOCCO ENGINEERS—are glad to survey your solder- 
unit with conveyor type fixture heats one assem- 


ing, brazing, hardening or forging requirements to 
bly every 20 seconds—twice the former output. 


see where TOCCO can save you time and money, too. 


THE OHIO CRANKSHAFT COMPANY [ 
1 NEW FREE THE OHIO CRANKSHAFT CO. 
BULLETIN Dept. R-5, Cleveland 1, Ohie 


Please send copy of “Typical Results 
of TOCCO Induction Brazing and 
Soldering”. 

Name 

Position 

Company 

Address 


Zone_State 
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Sunbeam 


STEWAR]| 


THE BEST INDUSTRIAL FURNACES MADE 


DEFENSE REQUIREMENTS CAN BE MET 


QUICKLY WITH PROVEN SUNBEAM STEWART 
HEAT TREATING EQUIPMENT 


wet PPro eh ie - 


iu = BERK 


=" 


HEAT TREATING HIGH EXPLOSIVE PROJECTILES. this sunbeam stewort 


Harden, Quench and Draw installation used during World War Il produced over a million shells. Notice how the U-Turn 
conveyor takes shells from the quench tank to the Draw furnace. 
Shown above are steel billets (A) ready for charging into Rotary Hearth Forge furnace (B). The Pusher-type Hardening 
furnace (C) pushes 5 shells into the heating chamber every 2.75 minutes, with a capacity of 110 per hour. The shells are auto- 
matically discharged into the Quench tank (D) where an inside and 
outside spray achieves uniform quenching. The Roller U-Turn (E) 
transfers the shells, five abreast, to the conveyor Recirculating 
Draw Furnace (F). The shells then pass from draw into a cooling 
chamber which gradually cools the shells to approximately 160°F. 
The cycle is completely automatic and requires 4 hours to properly 
heat treat the shells. 
At the left is a close-up of the Sunbeam Stewart Rotary Hearth 
Forge. Operator at the right is charging cold billets while another 
workman removes hot billets prior to piercing and forming opera- 
tions. Doors of the Forge are operated hydraulically by a foot pedal. 
IF YOU ARE CONSIDERING DEFENSE WORK CALL SUNBEAM STEWART. Designs are ovailable for heat treating the following materiel: 
SHELLS: 57MM; 75MM; 9OMM; 105MM; 120MM; 155MM; ARMOR PIERCING SHOT (Harden, Quench and Drow). 
3”, 5", 6", 8” Navy Shells (Harden, Quench ond Draw). CARTRIDGE CASES (Anneal, Stress Relieve) 


FORGINGS: Rotary Hearth and Pusher-type Forging Furnaces. MACHINE GUN CLIPS (Harden, Quench and Draw). 


Sunbeam 


STEWAR[ INDUSTRIAL FURNACE DIVISION of cfiinbeim CORPORATION 


Formerly CHICAGO FLEXIBLE SHAFT CO.) 
Main Office: Dept. 108 4433 W. Ogden Ave., Chicago 23—New York Office: 322 W. 48th St., New York 19 —Detroit Office: 3049 E. Grand Bivd., Detroit 
Canoda Factory: 321 Weston Rd., Se., Toronto 9 
Aletter, wire or ‘phone call will promptly bring you information and details on SUNBEAM STEWART furnaces, either units for which plons are now ready or units 
especially designed to meet your needs. Or, if you prefer, a SUNBEAM STEWART engineer will be glad to call and discuss your heat treating problems with you. 
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mpressions 
iT) i 


A. Finkl & Sons Co. 


2011 SOUTHPORT AVENUE + CHICAGO 14 


Eastern Warehouse Western Warehouse 
INDUSTRIAL STEEL, INC. FINKL STEEL PRODS. OF CALIF. 
250 Bent Street, Cambridge 41, Moss. 4908 Santa Monica Bivd., Los Angeles 27, Calif. 
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Check These 
Important Advantages 
Affords multi-point re- 
cording for both controlled 


and non-controlled tem- 


peratures. 
Available for a wide va- 
riety of contact and propor- 


tional control systems. 


Controls at the same or 


different temperatures. 
Conserves panel space. 


Reduces initial cost. 
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tHE Z/ec10nik PotENTIOMETER 


Makes MULTI-POINT Control Practical 


Mth Are 
whine 
10 20 30 40 50 @ 70 80 % 


In MANY applications, the desirability of having a number of controlled 
and non-controlled related records on the same chart, for convenient com- 
parison, has long been recognized. The high speed of response plus the 
high speed selective action of the ElectroniK Potentiometer now makes 
it entirely practical to control several points from one instrument. 


The instrument can be used to control several furnaces or several zones 
in one furnace . . . to provide both furnace and work temperature control 
or high limit control . . . to furnish a number of controlled and non- 
controlled records on the same chart. 


It is available for an extremely wide variety of contact and proportional 
electric control systems. Both types can be combined in the same instru- 
ment. Illustrated is a double index model for control of two points at 
different (or the same) temperatures. 


For detailed information write for new specification sheet No. 189 . . . or 
call in your local Honeywell engineer. He is as near as your phone. 
MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 4503 
Wayne Ave., Philadelphia 44, Pa. Offices in more than 80 principal cities 
of the United States, Canada and throughout the world. 


BROWN INSTRUMENTS 
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ALLOYS 


Saving 
CASE HISTORY 


*) 
NO. ~ 
Photo shows installation at the Bassick Co., Bridgeport, 
Conn., of a Rolock alloy Drop-Bottom Basket used with 
a pit-type furnace. 


Rolock developed this fabricated drop-bottom basket for 2 reasons... to produce 
better work... to lengthen basket life, with consequent work-hour cost reduction. 


Records show uniform heating with practically no rejects. Because the basket 
cover is closed and work is spilled out at bottom, distortion of parts and scratching 
are minimized. Draw pin is pulled for quench so that there’s little exposure of work 
to cold air between heat and quench...then basket is reloaded fast and returned 
to furnace, retaining heat, increasing furnace capacity. Basket is not quenched 
with work...severe thermal shock is eliminated. 

Such fabricated-welded baskets may be engineered to your job... fitted to your 
furnace. They give you highest resistance to cracked ammonia and carburizing 
atmospheres... handle greater load ratio to basket weight. Look to Rolock for greater 
dollar savings, better work in heat treating. Send for Catalog. 


Offices in: PHILADELPHIA * CLEVELAND © DETROIT * HOUSTON © INDIANAPOLIS * CHICAGO © ST, LOUIS * LOS ANGELES * MINNEAPOLIS 


ROLOCK INC. + 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


oe, 


for better work 
Easier Operation, Lower Cost 
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ihe MANY YEARS the satisfactory performance 
and long life of National-Erie gears in their 
round-the-clock industrial duty has resulted in 
repeat orders. Specification gearing is com- 
pletely controlled at National-Erie Corporation. 
(©) gears (Neloy or Neloy Moly) are preferred 
because our engineers and craftsmen carefully 
follow each step in gear production from raw 
material to finished product. The blanks are cast 
in our own foundries in carbon or alloy steels. 
They are heat treated under the most careful 
control and modern equipment to meet the 
specification. Of first importance in our flame 
hardening process is the use of the correct torch 
tip to fit the tooth size. This established (3) pro- 
cedure results in the uniformity which assures 
top performance and longer service life. Con- 
sult with us on your gearing requirements—It 
will pay you a substantial profit. You are wel- 
come to Bulletin No. 9 giving technical data on 
gears of Neloy and Neloy Moly. 





NATIONAL ERIE CORPORATION a 
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ALLOY STEELS 


Conservation is possible — without sacrifice 
with use of N-A-X ALLOY STEELS 


With the demand for greatly increased quantities of the critical 
and strategic Stainless Steels used in Jet Engines intensified 
by the acceleration of the building program, the Air Force 
requested the producers of these engines to seek suitable 
material with less critical alloy content to replace the Stainless 
Steel for certain moderate temperature application in these 
aircraft gas turbines. 


The steel selected had to be of low-alloy content with high 
strength and good welding characteristics. Ordinary low carbon 
steel did not meet the requirements because of its low tensile 
properties and the fact that it could not be satisfactorily welded 
by the inert are process, which is widely used in aircraft gas 
turbine manufacture. 

The data available from tests made on several weldable low- 
alloy, high-strength steels indicated that N-A-X ALLOY STEEI 
was the most satisfactory of the group — its selection followed. 
Unlike other possible substitutes, N-A-X ALLOY STEEL has good 
low temperature impact values, maintains its higher strength 
and is not subject to temper brittleness in the wide operating 
temperature range required of the steel for this purpose — from 
a low of -—-70°F. to +800°F. 


The use of N-A-X ALLOY STEEL for this application has cut the 
amount of Stainless Steel required in half. This is of consid- 
erable importance to the Air Force. 


GREAT LAKES STEEL CORPORATION 


N-A-X Alley Division Ecorse, Detroit 29, Michigan 


NATIONAL STEEL yi, CORPORATION 


err 2. 
; : 
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More than America spent to win 
its Independence 


THE Revolutionary War lasted 8 years 
and its direct cost was $74,555,642. 

This sum is considerably less than the 
amount Youngstown is spending on expan- 
sion--its share of the steel industry's program 
to help preserve America’s 175-year-old free- 
dom from Communistic attack. 

Work on a $90,000,000 construction pro- 
ject at the Indiana Harbor Works, East Chicago, 
Indiana, is under way. It includes a 1500-ton 
blast furnace, 75 new coke ovens and 8 - 250 
ton open hearth furnaces, heating furnaces, a 
high-lift blooming mill, with 6-3 hole recu- 
perative soaking pits, ore dock extension, un- 
loaders and ore bridge, and a vast array of 
other facilities needed to produce the addi- 


tional 1,000,000 ingot tons of steel involved. 
By the end of 1952, the steel industry expan- 
sion program will raise the total steel produc- 
ing capacity of the United States to over 
117-million ingot tons. This is more steel 
than is made in all the rest of the world com- 
bined. 

This tremendous investment by the share- 
holders of private industry is possible only 
with adequate profit-- profit earned in the past 
and to be earned in the future. This is a sym- 
bol of public confidence-- confidence that the 
American system of free enterprise is right 
and worth saving. Confidence that it will 
continue to be our way of life through the 
years ahead. 


The Youngstown Sheet and Tube Company 
General Offices - Youngstown 1, Ohio 
Export Offices--500 Fifth Avenue, New York 


MANUFACTURERS OF CARBON ALLOY AND YOLOY STEELS 


The steel industry is using all its resources to vob dole Attol-WeesYo) ¢-M-10-1-) i ol La Lab el -1-o 9 Zo)ht an stb olt- belo! 
needs it now. Turn in your scrap, through your regular sources, at the earliest possible moment 
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ALLOY ENGINEERING “ — COMPANY 


ALLOY CAST! 


CHAMPAIGN e« ILLINOIS 





EVERY DROP OF OIL AT THE 
: 


Right 


THROUGHOUT THE QUENCH! 


Why permit old-fashioned quenching methods to 
eat up a substantial portion of your profits? By in- 
stalling a B & G Hydro-Flo Oil Cooler, you can 
eliminate the losses caused by excessive rejects— 
make an “inside profit” by cutting operating costs. 

The “SC” Series Hydro-Flo Oil Cooler combines 
Cooler, Motor, Pump, Strainer and all controls in 


COOL OIL 


Diagram shows an 
instantaneous type 
of B & G Oil Cooler 
installation, suitable 
for continuous 
quenching. The oil 
in the quench tank 
and system is cooled 
at a rate equal to the 
per minute heat load 
without need for 
supplemental oil 
storage. 


QUENCH TANK 


a single, integrated unit. Completely automatic, it 
keeps oil temperature at the desired degree through 
all stages of the quench. You are assured of uniform 
quality in your product because of uniform quenching 
conditions! 

Send for combined Catalog and Simplified Selec- 
tion Manual. 


. 7” 


WATER OUTLET 





a 


JAI] 





Hydre 
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/ BG CENTRIFUGAL PUMP—~ 
BiG STRAINER 


*Reg. U.S. Pat 


-F4G OIL QUENCHING SYSTEMS 


BELL & GOSSETT COMPANY 
Dept. CA-16, MORTON GROVE, ILLINOIS 


off 





bn 
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a few words 
about alloy steels... 


OR...HOW WE MEET RESTRICTIONS WITH EXPERIENCE 





ARE YOU SLOWING STEEL PRODUCTION? 
Idle scrap in your plant can hold back 
steel manufacture. Scrap old equipment 
now! Get scrap on its way today! 











@ When you face government restrictions on any of the alloy steels you 
have been using, it’s time to draw on the all-inclusive experience of the 
Republic 3-Dimension Metallurgical Service. 


You and your own metallurgists will get expert assistance from the closely- 
coordinated Republic three-man team . . . the Field Metallurgist, the 
Laboratory Metallurgist, and the Mill Metallurgist. Their combined experi- 
ence in solving problems of alloys, manufacture and steel processing is 
helping hundreds of alloy steel users make the most of currently available 
specialized steels. 

In spite of the growing restrictions on many alloy steel analyses, you 
probably can switch your production to one of the many alloy steels being 
produced by Republic... world’s largest producer of alloy and stainless steels, 


Which one? ... Ask a Republic Metallurgist. 
REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 


GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N. ¥. 


ALLOY STEELS 


Other Republic Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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HEAT RESISTING 
9s MISCO fo: Ri toys 


IN ROLLED MILL FORMS 


Plates — Rounds @ Squares MB Hexagons @ Flats nm Angles. 
PipeO Nuts Welding Rod a 


MAKES USE OF... 
°35 Ni-15 Cr -35 Ni-15 Cr °35 Ni-15 Cr 
Corrugated Sheet Expanded Metal Liner Grid Tray 
Good Metal Used in a Good Design Goes a Long Way 


ROLLED PRODUCTS DIVISION 
Michigan Steel Casting Company 


_ Ome of the World's Pioneer Producers and Distribstors of Heat and Corrosion Resisting Alloys 
1998 GUOIN STREET + DETROIT 7, MICHIGAN 
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How to Eliminate 
"Cold-End’’ Errors 


Use Chromel=Alumel Extension Leads 


with your Chromel-Alumel Thermocouples 


Modern pyrometers, within themselves, leave 
little to be desired as far as accuracy of temperature 
measurement is concerned. They're precision built 
instruments . . . delicately balanced . . . equipped 
with automatic cold-end compensators . . . de- 
signed and engineered throughout to give you 
the fine degree of accuracy you need. And, on 3 
out of every 4 heat treating installations, these 
accurate meters are calibrated for CHROMEL- 
ALUMEL thermocouples . . . durable, dependable, 
sensitive couples unconditionally guaranteed to 
register true temperature—E.M.F. values within 
extremely close specified limits. 


Yet, in spite of all the fine accuracy built into these 
meters and couples, uncontrollable “cold-end” 
errors will frequently occur when so-called “‘com- 
pensating” lead wires are used. Here’s why .. . 


As you know, when wires of different composition 


are joined together, they form a thermo-electric 
junction. In the case of “compensating” leads 
connected to your Chromel-Alumel couples, these 
junctions are located just outside the furnace and 
unprotected from heat. Now, as these terminals 
get hot... and they often get very hot... or when 
one junction gets hotter than the other, the 
opposing E.M.F.’s they generate tend to become 
more and more unequal. And this variable in- 
equality is inevitably reflected by serious plus or 
minus errors registered by your meter. 


How to eliminate this common cause of “cold-end” 
errors? Simple! Use CHROMEL-ALUMEL 
EXTENSION LEADS with your CHROMEL-ALU- 
MEL thermocouples. For only by using these 
wires of identical composition can you be sure of 
getting the full benefits of accuracy offered by 
today’s improved pyrometers. Our Catalog 59-R 
tells the complete technical story... want a copy? 


CHROMEL-ALUMEL couples and leads are available through your instru- 


ment manufacturer or pyrometer service company... 


ask for them by name! 


HOSKINS MANUFACTURING COMPANY 


4445 


LAWTON AVE. 


. DETROIT 8, MICHIGAN 


NEW YORK . CLEVELAND . CHICAGO 
West Coost Representatives in Secttle, San Francisco, los Angeles 


in Coneda: Walker Metal Products, ltd., Walkerville, Ontario 
s 


chel-chromium resistance alloy that first made electrical heating practical 
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JUST A FEW DESIGNS of 
Norton Alundum* burner blocks 
now in service in high temperc- 
ture gas- or oil-fired furnaces. 


is right for your furnace? 


If your burner block specifications 
call for extremely high resistance to 
temperature and abrasion, it will 
pay you to specify Norton Alundum 
refractory, in the design that best 
meets the demands of your particu- 
lar oil- or gas-fired furnaces. 

Norton Alundum burner blocks, 
users report, are superior to any- 
thing else they have used, particu- 
larly when combustion takes place 
wholly or partially in the tunnel of 


the blo k. 


Quality Control 


The proved superiority of Norton 
burner blocks is based not only on 
their high refractoriness and chemi- 
cal stability, but also on the quality- 
control steps taken in their manu- 
facture. 

Composition and uniformity of 
the mixture are carefully controlled. 
Manufacturing operations are car- 
ried out under conditions that as- 
sure maximum density for minimum 
permeability and complete absence 
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of cracks and laminations. Thorough 
drying and careful kiln firing assure 
uniformly high quality. That's why 
you can expect longer life from 
Norton burner blocks 
other types of materials. 


Write for Data Sheet R-IN 


For more complete information 
about 


than from 


Norton burner blocks, con- 
sult your nearby Norton represen- 
tative, or write direct for Bulletin 
R-IN. NORTON COMPANY, 323 
New Bond St., Worcester 6, Mass. 


*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


QUALITY CONTROL of the monvfacture of 
Norton Alundum burner blocks assures uniform 
structure, low permeability, freedom from cracks 
and high chemical stability 








Canadian 





WNORTONF 


TRAOE MARK REG. U.S. FAT. OFF. 


Making better products to make other products better 


Special REFRACTORIES 


Representative 
A. P. GREEN FIRE BRICK CO., Ltd. 


TORONTO, ONTARIO 
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Here is a picture you helped us to paint 


This month of May marks an impor- customers, suppliers and friends . . 


tant milestone in our relationship for making the growth possible. 
with you. It’s the 50th birthday of 


our Indiana Harbor works. 











So, without the usual anniversary 
platitudes, we say sincerely, 
Naturally we're a little proud of — **Thanks.”’ 


the growth of **The Harbor” from a (By the way . the picture on 


sandy wasteland toan efficient steel- the right is rapidly becoming obso- 


making facility. But. more than lete as we further expand our ingot 


that, we're grateful to you... our producing facilities by another 20%). / 
4 + 


INLAND STEEL COMPANY © 38 S. Dearborn Street, Chicago 3, Illinois 


Soles Offices: Chicago « Davenport « Detroit « Indianapolis « Kansas City « Milwaukee « New York « St. Paul « St. Louis. 
Principal Products: Sheets, Strip, Tin Mill Products, Bor Mill Products, Plates, Structural Shapes, Floor Plate, Piling, 
Reinforcing Bars, Rails and Track Accessories, Pig Iron, Coal Chemicals. 
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Critical Points 


High-Quality Castings 


YURING A TRIP to California 

Society’s Western Metal 
(and a right smart metals 
was indeed, together with a notable 
high-grade The 
had the steel 
with a 

The 
bulldog 


to attend the 
Congress and 
Exposition expo- 
sition it 
series of 


Editor 


castings 


technical sessions), 


advantage of discussing 
number of metal- 


product was large 


intelligent 
lurgists. range of 


from castings for grinding 


accurate parts of aircraft quality, from enor- 
mous 


ores to 


water wheels (“runners”) for power 


plants to their tiny cousins for turbo-super- 


chargers. From these conversations some puz- 
zling paradoxes emerged. 
Take, for example, the runners of a Francis 
reaction turbine-—~ substantially a series of 
outer 
shaft. 
change the direction of the water 
entering the and the 
thrust of the issuing streams turns 
the shaft. The fundamentally the 


same as in a steam turbine or in a gas turbine 


curved vanes set between shroud-rings 


and central These vanes 


Turbine 
runners passages, 


action is 


in fact, little imagination is required to see 
the kinship of a water wheel 14 ft. in diameter 
14 in. The neophyte 
14-in. casting would be 
deliveries to AiResearch 
Mfg. Co. of Los Angeles from foundries special- 


and a turbo nozzle box of 
might guess that the 
easier to make, vet 
izing in “precision investments” 
and of variable quality. On the other hand, 
Pelton Water Wheel Co. of San Francisco is 
getting satisfactory 30-ton carbon steel runners 


are sporadic 


for pumps at Grand Coulee dam from Columbia 
Steel Co. in Pittsburg, Calif. (primarily a steel 
plant rather than a steel foundry), and 8-ton 
runners for reaction from 
Metals Co. in Oakland cast entirely in 
chromium-nickel stainless steel. 
Immediately 


turbines General 


18-8 


can be raised to 
such a comparison between hydro-power plant 


objections 


By The Editor 
of Metal Progress 


and aircraft the 


existence of different levels of preci- 


castings, based on 
sion, quality, stress intensity and size. 
All these terms are relative. Precision 
of Pelton’s castings is high enough 

that the wheel's efficiency is 92%. 

Quality is high enough for the big 

runners to transmit 65,000 hp. —— not 

in short bursts, but hour after hour, 

months on the 

required service. Good enough is suf- 

ficient; anything better is likely to be wasteful 
these truisms, one suspects, are sometimes 


end. They meet 


forgotten by aircraft engineers when they write 
specifications for castings. 

As a matter of fact, stress intensity and size 
are two factors that will force aircraft designers 
to turn to steel. Intricacy of design also indi- 
cates that fabrication of such forms 
ble 


For example, nose beams on new bombers are 


if possi- 
will be excessively wasteful in man-hours. 


already too long for the biggest presses, built 
or building, for aluminum. Stresses 
are going up: For the training planes of 1940 
they were on the order of 


forging 


7000 psi.; in fast 
fighters they are now closer to 17,000. 
shape: Wings of ideally are 
razor blades, too thin to build up of small parts, 
the skin heated by friction beyond the safe limit 
for light metals. 


Again, 
supersonic craft 


Hogging such a shape out of 
a big slab seems a poor substitute for casting 
it close to shape in the beginning. 

Shape, size, stress, operating temperature, 
all point to a new era in constructional methods 
and metals for aircraft, and something must be 
done to avoid a roadblock in progress, through 
lack of man power in a war emergency, or defi- 
ciencies in the conventional aircraft techniques. 

Steel castings of integrity seem to be a logi- 
cal alternative, but reasons for the aeronautical 
engineer’s suspicion of castings are easily appar- 
ent. Only to watch the 
modern airframe is to see what extraordinary 


construction of a 


efforts have been made to refine and perpetuate 
the mechanical assembly of 

Fabricated 

parts versus 


Undoubt- 
edly the builder feels that 
he can inspect each part as 
it is formed from sheet, bar 
being then sure of its quality he 
joins it to another first-class part and inspects 
the joint Step by 


bits and pieces. 
steel castings 
or forging; 
appropriately. 


step these 
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searching inspections proceed, and in the end 
he delivers a completed machine, theoretically 
with no weak spot. 

He turns 
to a casting only when a part is too intricate to 


He can’t do this with a casting. 


fabricate or practically impossible to forge or 
machine, and so he gets a shape and nearly 
always he doesn’t like it. It isn’t) smooth 
enough. It isn’t of exact size. He isn’t sure 
that the test coupon is representative. He sus- 
pects invisible cracks, and his Magnaflux or 
Dy-check may give him some proof. He sus- 
pects interior unsoundness, cracks, porosity, or 
X-ray or 


machines can always turn up some 


segregation, and his ultrasonic 
“indica- 
tions”. He is doubtful whether it is good 
enough; he must take no chances, and so the 
easting goes back to the vendor who growls 
about the unnecessarily high and impossible 
requirements. 

The foundryman doesn’t particularly want 
such business; it’s only a headache and he can 
make a living making stuff that doesn’t have to 
fly. There is hardly enough continuity or ton- 
nage, nor a sufficiently firm community of 
interest or basis of mutual respect, for a pro- 
gressive foundry to be warranted in tooling up 
and stafling a proper department to make air- 
craft parts. 

That is not to say that the foundryman’s 
art is incapable of making satisfactory castings 
for airframes and engines, nor that the average 
foundryman is a dolt or an antique. It is a safe 
gamble that their personnel assays as high in 
Within 


are doing 


intelligence and honesty as any other. 
the limits of their present tools they 

a good job quite good enough for their bread- 
and-butter accounts and, as remarked above, 
good enough is sufficient. But when that is said 
it must also be remarked that the foundry’s 
present tools and techniques are by no means 
perfect; in several respects means can undoubt- 
edly be devised (if they have not already been 


found) for improving dimensional accuracy, 
soundness and 
uniformity so that the actual 
requirements of the air age can be met. 

Note the ‘actual 


There is no such thing as a “perfect” casting nor 


surface smoothness, interior 


metallurgical 


term requirements”. 


a “perfect” anything else. As sure as the fact 
that castings can be improved is the proposition 
that they will not be as smooth as a cold rolled 
sheet, as accurate as a gage block, of exactly 
uniform grain size in thick and thin section, and 
entirely free from segregated microconstituents. 
Equally sure is it that once the aircraft builders 
get to know more about the possibilities of really 
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good castings, they will start devising parts 
(shapes) favorable for the casting process (just 
as they now habitually think of riveted fabrica- 
tion), and inspectors will learn to differentiate 
between defects that are really damaging and 
minor deficiencies which can be tolerated in 
regions of low stress. 

But here we have a dilemma: An approach- 
ing need for excellent castings by a suspicious 
industry and no foundry wanting to take on the 
thankless job of education and 
development! This impasse 
might be solved by building an 


Wanted: a 
specialized 
foundry excellent foundry, captive to a 
5 aircraft fabricator; then 
start making castings of aircraft quality. 


large 
Prec- 
edent for this already exists in the Air Forces’ 
“manufacturing methods pilot plant” in Michi- 
gan, largely devoted to the study of forging and 
extrusion. ) An equally sensible allowance 
would be for a foundry, not an experimental 
foundry, but a life-sized foundry, managed by 
the most intelligent men that could be hired, 
whose duty it would be to make castings for 
airframes. It could start with the very best 
of the conventional tools and techniques and 
make such castings as could be made thereby, 
sound and of high quality. The aircraft indus- 
try could get acquainted with their virtues, thus 
educating itself, and get ready to design and use 
the really remarkable castings that could even- 
tually be made as the foundry injected modern 
metallurgical science, ceramics, and mechanical 


engineering into its practices. 


S MIGHT BE GUESSED by one who has 


‘ read this far, The Editor was impressed 


with the size and complexity of the castings 
being made into huge turbines and pumps at 
the plant of Pelton Water Wheel Co. in San 
Francisco. This firm, leader in western powet 
plant engineering since the 
mid-1880's, 


eminence 


Fatigue gained its early 
where metal 


is thickest 


through a water 
wheel invented by Lester A. 
Pelton 


cel of the era of hydraulic mining of Californian 


It was part and par- 
gold-bearing gravels. His impulse turbine, so 


called, is exceedingly simple and practically 


immune to scour. Some buckets are bolted to 
the rim of a wheel and a stream of water at high 
pressure and velocity is shot against the buck- 
ets. Pelton wheels are found all over the moun- 
tainous country, ranging from little ones, 6 in. 
in diameter for lighting a single home, to six- 
nozzle combinations developing over 60,000 hp. 

To perfect the design of such equipment and 





loads 
between 20 and 90% of capacity, Pelton has its 
own hydraulic laboratory, completely equipped. 


to raise its efficiency beyond 90° for 


A major tool is the use of lucite models wherein 


stresses can be measured and water flow 


observed visually and by high-speed camera. 
An expert supersonic testing team has also been 
trained, following the disconcerting discovery of 
some cracked turbine buckets. (This team was 
recently loaned to one of the power companies 
on the Coast and made a survey of all its high- 
speed machinery. It must have been comforting 
to read the resulting bill of good health.) 

The fatigue cracks mentioned were in carbon 
steel castings, through 3x 8-in. lugs straddling 
the wheel disk. Computed stresses were quite 
moderate, but in the outer element they con- 
sisted of centrifugal tension plus stress from 
foree fits on the connector bolts, overlaid by 
oscillating beam tension at those instants when 
the water hit the bucket. In a six-jet wheel 
running at 300 r.p.m., it takes only nine hours 
to count up a million alternations. The lugs 
themselves are far more massive than the bucket 
sections; to insure soundness the foundry pro- 
Result 
slowly, contained enormous dendrites, but worst 
of all, segregated impurities 


vided heavy sinkheads. the lugs cooled 
wonderful stress 
melting and gating practice 
now insures metal of integrity at these portions, 
and Magnaflux, X-ray and supersonic reflecto- 


raisers. Revised 


scope prove the quality of sample castings from 
each heat. 


N° ONE CAN DOUBT the expanding future 
LN of good castings after a visit to American 
Foundry and Machine Co. in Salt Lake City. As 
a part of 


Eimeo Corp., makers of mining 
machinery, a goodly part of the castings has 
always been liners for ore grinding mills. For 
Hadfield’s 


thought to be best for this application, in view 


many years manganese steel was 

of its great toughness and the 
Low alloy ability of this austenitic alloy 
better than to harden superficially and 
automatically on impact. Un- 


fortunately 


high alloy 
x there were occa- 
sions when this expensive high alloy wore out 
as rapidly as the commonest carbon steel! With 
the help of Climax Molybdenum Co. and Battelle 
Memorial Institute, Eimco developed a new alloy 
capable of uniform hardening in heavy mass to 
a tempered martensite full of carbide particles 

apparently a microstructure 
abrasion resistance. 


optimum for 


This steel is melted in acid electric furnaces 
to the following composition: 1.0% carbon, 0.9% 


manganese, 1.5° chromium, 0.5°> molybdenum. 
After shaking out and cleaning, the castings are 
heated to 2000°F., 6 hr. at 


homogenization and for putting as much carbide 


temperature, for 
into solution as possible. This is done in a bell- 
type furnace, gas-fired, whereupon the entire 
load, rack and all, is quenched in the biggest salt 
bath The Editor ever did see, a pot 12 x 12 x 6 ft. 
holding nearly 50 tons. Temperature is 700° F 
and the salt is vigorously agitated by compressed 
air jets. After holding a load of castings in the 
bath for 5 hr. the isothermal transformation of 
austenite into bainite has virtually stopped, but 
Substan- 
tially all of this is transformed and fine particles 
of carbide precipitated by 
temper at 1150°F. 
furnace ) 


about 75° of the austenite is retained. 


a subsequent 4-hr 
(in a ecar-bottom annealing 
Hardness clear through to the center 
is not very high (350 Brinell) but the carbide 
particles with Knoop hardness approaching 1000 
are much harder than quartz (Knoop 750), the 
At any 
rate, this alloy, intelligently compounded and 
intelligently heat treated, is capable of outlasting 
the toughest substitute (Hadfield’s) or the hard- 
est one (Ni-Hard). 

Don Rosenblatt, metallurgist at 


hardest mineral ordinarily encountered 


American 
Foundry and Machine Co. and past chapter 
chairman ©, has installed a complete labora- 
tory for the study of core mixtures. (In this he 
believes in Harold Roast’s contention — see p. 
668 of this issue-——that much valuable work 
can be done in a relatively small experimental 
department.) In order to avoid hot tears the 

cores should collapse while the 
Studies casting is cooling, and 


ibility 


“collaps- 


on core should vary with dimen- 


sion. Of course, permeability, 
hot strength and compressibility 


are three other important properties of a good 


mixtures 


core. To vary these in proper ratio, each to 
each, the basic sand clean silica particles 

is compounded with addition agents like mois- 
ture, cereal bond, and resin. Rosenblatt is find- 
ing that certain phenolic resins have surpris- 
ingly large influence in governing collapsibility; 
a little of it goes a long way. The whole range 
of core sizes and metal sections they meet in 
their work at Salt 


divided into six regions and a formulation cor- 


Lake City has been sub- 
rect for each is have 
Eventually the core mak- 
ers will have six specified mixes, each colored 


being sought. Some 


already been found. 


individually, each correct for size. 


Here’s one item where improvement is 
being made in conventional foundry tools a 


requirement for better castings. (~] 
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Metal Finishing of 


Household Equipment 


at Servel’s Plant 


Merar finishes employed by Servel fall into 
two classes, the entirely functional and those 


In the 
first group there are the copper, zine and tin 


that are both functional and decorative. 


electroplates, galvanizing, zinc metallizing, and 
aluminizing: the second group embraces the 
nonmetallic coatings such as baked enamels, 
black and aluminized black Japans, porcelain 
enamel and “plastic coatings’. In addition, a 
number of surface treatments are employed 
either as a preparatory step for the subsequent 
surface coating or as a corrosion preventive 
process. 

Servel, Inc., Evansville, Ind., is one of 
America’s leading manufacturers of household 
devices for refrigeration and air conditioning. 
In one important aspect, however, Servel differs 
from other manufacturers of such equipment 
its products rest primarily on the use of gas as 
a fuel. Some electrical equipment is made to 
special order, but this forms only a small part 
of their total output. 

The products of Servel are household refrig- 
erators, household water heaters, gas or steam 
operated “All-Year” air conditioners for cooling 
air in summer and heating air in winter, and 
cooling towers to be used with the air condition- 
ers if the water must be conserved. The com- 
pany also makes an electric ice cube maker, and 
electric refrigerating units up to five-ton capacity 
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By Adolph Bregman 
Consulting Engineer 
New York City 
Consulting Editor for Metal Progress 


which are sold to other manufac- 
turers and go into other products 
than Servel. 

Servel is the only gas refrig- 
erator currently on the market. 
Its unique feature is that it con- 
tains no moving parts, being 
made entirely from steel tubing, 
formed and welded or brazed to 
make up the assembly. An inter- 
esting example of this type of 
work is a steel coil, coated with 
aluminum and brazed to an alu- 
minum shelf. Of this 
part, more will be said later 

The magnitude of the opera- 
tions of the company may be 
judged from the fact that the 
Evansville plant occupies about 
1,400,000 sq.ft. and employs about 
6000 people at this time. It is interesting to 
note that the finishing departments cover about 
135,000 sq.ft. and about 500 people, 
approximately 10° of both the total floor space 
and employees. 


freezer 


employ 


Metal Finishing Operations 


The metal finishing operations used in con- 
nection with Servel equipment may seem to be 
only a small part but, even though they com- 
prise only about 10° of the total, they are a 
10°. Without properly chosen 

applied 


very critical 
and skillfully 
would be both 


finishes, the product 
unworkable and unsalable 
Nonmetallic finishes are both functional and 
decorative, their purpose being corrosion- and 
leak-prevention and attractive outside appear- 
ance. The electroplates are almost entirely 
functional in their main 
being protection against corrosion. 


character, purpose 
The following types of operations are 
included in the metal finishing departments: 

1. “Painting” or coating with a 
variety of nonmetallic finishes, including 
baked gray enamel, baked white enamel, 
baked black Japan and baked aluminized 
black Japan. 

2. Porcelain enamel. 
3. Special abrasion resistant syn- 





thetics (“plastic coating”) for shelves. 
4. Aluminum treatment, 

to a matte finish or high luster. 
5. Zine plating on food shelves as 


an undercoat for plastic coating. 


anodizing 


6. Phosphate coating as an under- 
coat for enameled or painted surfaces. 

7. Decorative plating on outside 
hardware, ete., mainly copper, 
nickel and chromium on die castings. 
This plating is not done by the company 
but is furnished to them on parts made 
by outside vendors. 


parts, 


8. Hot galvanizing. 
9. Sprayed zine coatings. 
10. Aluminum coating on steel coils. 
The importance of metal finishing in the 
Servel plant may be judged from the large num- 
ber of parts and the variety of operations cov- 
ered by protective or decorative coatings. 
Several small parts are 


special plastic coating. 


with a 
These shelves are first 
electroplated with zine and then pretreated in 
dip tanks containing a phosphate priming coat 
of the Bonderite type before the application of 
plastic coating. 
through 


covered 


Conveyers carry the shelves 
tanks and Ransburgh electrostatic 
detearing equipment and into the baking oven. 

A substantial amount of 
small parts to 


prepolishing of 
prepare them for subsequent 
plates or nonmetallic coats is done in tumbling 
barrels made by Globe Stamping Div., Hupp Corp. 

Brackets and other odd parts are plated 
with zine for purely protective purposes and 
later coated with baked enamels. The evapo- 
rator gas heat exchanger assembly 
Sheet icemaker cabinet sec- 
tions and water heater exterior parts are coated 


is hot dip 
galvanized steel 
with a sprayed white enamel. Copper water 
heater parts are bright dipped using Ferrisul 
(anhydrous ferric sulphate). 

An important department for the prepara- 
tion of metals for subsequent finishes of any 
kind is the blast cleaning installation which 
uses sand as the cleaning medium. 
be described in some detail later. 


This will 


{luminized Black Japan 


An interesting finish used by Servel is the 
aluminized black Japan that is sprayed on a 
special coil and plate assembly for added pro- 
tection to the aluminum 
underneath. 


which lies 
The addition of aluminum to the 
black Japan results in a brown or 
colored 


coating 


mahogany 
As applied to the 
refrigerating mechanism of the household unit, 


coat on baking. 


the cycle consists of (a) spray wash, (b) blow- 


ing off excess water, (c) drying in oven, (d) 
cooling, (e) black Japan, applied by dip; or 
alternatively, an aluminum paint spray, and (/f) 
baking. An important advantage of the heavy 
black Japan coat which is applied to the unit is 
its ability to seal all openings, rendering the 
equipment leak-proof in later service. 

An interesting device is employed in finish- 
ing the refrigerator unit. This unit includes a 
fuse pipe, which melts at 300° F., to prevent 
overheating and burning out of the unit. When 
the fuse melts, the circuit is broken and damage 
is averted. However, this fuse pipe is part of 


the assembly which goes through the Japan 


baking furnace and would, under ordinary 


circumstances, melt in the baking operation. 
Therefore, an ordinary tin can filled with water 
is set in the assembly so that the pipe dips into 
the water which maintains it below its melting 
temperature for the 30 min. required for the 
baking operation. The water-filled can is then 
removed and the assembly continues to move 
progressively on the line. 


Enamels and Metallic Finishes 


White enamel for the refrigerator cabinet 
exteriors is applied by automatic spraying in a 
conveyer setup with the Ransburgh electrostatic 
spray equipment. This finish is also applied on 
Panelyte door liners which are made of a non- 
metallic of the Bakelite type. 
is to add a small amount of carbon to the mate- 
rial used in the Bakelite-type liner to make it 
conductive and thereby take the electrostatic 


spray. A continuous water wash recovers the 


Servel's practice 


enamel from the overspray. The work is han- 
dled by conveyer through the spray and bake 
as well as through the phosphate coating treat- 
ment tanks before the paint is applied. The 
complete cycle consists of (a) cleaning, (b) 
phosphate coating, (c/) applying prime coat of 
enamel, (d) baking, (@) 


enamel, and (f) baking 


applying top coat of 


The porcelain finish is a clear white. Frit 
is purchased from outside, then ground and 
the plant to form a dip which is 
applied at room temperature. The parts are 
moved through the cleaning and precoating 
operations, through the ground coat, through 
the finish coat spray booth and then through 
the baking oven, all by conveyer. 


mixed in 


Pretreatment of parts to be vitreous enam- 
eled consists of cleaning, rinsing, pickling, rins- 
ing, a nickel dip and drying. (The nickel dip 
contains nickel salts in the amount of 1 to 1% 
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oz. per gal. of de-ionized water.) Acidity is 
maintained at pH 3 to 4 with the use of sul- 
phuric acid or flake caustic soda. 

Dip Bonderizing (the preparatory under- 
coat for many of the nonmetallic finishes) is 
followed by two coats of gray paint with bakes 
between the paint coats and, of course, the nec- 
essary rinses and cleaners before and after the 
Bonderizing operations. 

A number of parts are given either a zine, 
tin or copper electroplate. Zine plate is applied 
in a cyanide solution (Du Pont Durobrite) on 
food shelves to form a base for the later top 
plastic coat. This is followed by Bonderizing 
and the plastic finish which is applied on the 
Bonderized zine coat. The zine plating is done 
in a fully automatic plating setup made by 
Lasaleo, Ine. 

Zine plating of internal hardware, braces 
and brackets is done in Lasaleo barrel platers 
and in still tanks made by Servel. These items 
to 1% nitrie acid 
Tin plating is performed in stannate 


are then bright-dipped in a 
solution. 
baths on copper thermostat parts for corrosion 
protection. Copper plating is confined to stop- 
offs for cyanide heat treatment and applied in 
the conventional sulphate solution. The plating 
department uses General Electric Co. rectifiers 
and controls, and Columbia Electrie Co. and 
Hanson-Van Winkle-Munning Co. generators. 


Special Assembly Operations 


Steel fittings are copper-brazed to the steel 
dome for the electrical refrigeration compressor 
units. A conveyer moves the parts through the 
furnace. Copper brazing is performed on the 
condenser parts which are made of Bundy tub- 
ing. This brazing operation also is handled by 
conveyer. Silver solder is applied by hand torch 
to the copper and brass fittings on the dome 
for the electric refrigerating units 

The ice tray grid of the ice cube maker is 
made of copper, coated with hot dipped tin for 
protection. The copper is used because of its 
high heat conductivity. Another conveyerized 


operation is the thermostat which 


requires silver brazing of the copper tubing. 


assembly 


One of the most important factors in the 
manufacture of Servel products is the preven- 
tion of leakage of refrigerants. The inspection 


equipment is, therefore, very accurate. For 


example, one of these machines is a mass 


spectrometer leak detector which is used to 


check air conditioners. This spectrometer detects 
leaks so small that it would require 10,000 years 


of leakage to fill a quart bottle 
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\ Selas gas brazing unit is used to assemble 
the evaporators for the air conditioners. The 
evaporator employs 36 copper tubes brazed to 
sheet steel heads at each end, to form an assem- 
bly 34 in. long. 

One of the current problems in the manu- 
facture of refrigerators is attaching the tubing 


Fig. 1 Welded Coil Units Are Conveyed Into 
fir Blast Room Where Weld Junctures Are 
Cleaned by Three Air Blast Units in Preparation 
for Zine Metalizing. This 


inates the necessity of redipping the whole assembly 


ns spot plate’ ” elim- 


for carrying the liquid refrigerant to the light- 
Woolrich 
in Metal 
Progress for February 1950, p. 217, reports one 


gage sheet used for shelves. J. A 
in his discussion “Aluminum Brazing” 


instance where aluminum is used throughout, 
the assembly being made by continuous furnace 
brazing. At Servel, however, the freezer shelf 
coil is of steel, protected from corrosion by a 
coating of aluminum. 

Previously, Servel had used extruded alu- 
minum shelves formed around the steel coils. 
In 1950 the Servel refrigerator assembly was 
changed to take advantage of a new process 
which permits the steel coils to be coated with 
aluminum and then brazed to the aluminum 
shelf in one operation. This unit provides bet- 
ter heat transfer resulting in better refrigera- 


tion. Also, the cost of manufacture is reduced. 





Sandblasting Replaces Pickling 


The preparation of the steel coils and alu- 
minum shelf for aluminum coating and brazing 
is done by sandblasting in a 14-ft. LG Pangborn 
airless, centrifugal-type Rotoblast, replacing 
pickling and other methods of surface prepara- 
tion previously employed. This table is also 
used to prepare other small parts prior to 
assembly. The table completes the sandblast- 
ing operations in two passes through the blast 
stream, at a speed sufficient to keep three oper- 
ators busy loading, unloading and turning the 
pieces. The evaporator coils, gas heat exchanger 
assemblies and other items to be blasted are 
handled by automatic conveyer. 

\nothet 


coil units which have been welded together for 


instance involves hot galvanized 


final assembly. At the juncture of these welds 


the previously applied zine coat has been 
destroyed by the welding operation. It is nec- 
essary, therefore, to clean the steel coil surfaces 
and then recoat these with 


points sprayed 


metallic zine to prevent corrosion. For this 
blasting operation, a blasting room is used 
which is equipped with a monorail-type con- 
veyer and three standard Pangborn AC-3 air- 


blast units. The welded tubing is conveyed into 


the air blast room where it is “spot blasted” by 


three operators, each in an individual compart- 


Fig. 2 
Steel Coils for 


1 “Rotoblast™ Table Is Used to Prepare 
fluminum Coating and for the 
Cleaning of Other Small Parts Prior to Assembly. 
{bout 85% of the work is now cleaned by this method 


ment with an individually controlled hose blast 
machine. Still moving, the blast-cleaned tubing 
moves through the room to the metallizing sta- 
tion where zine wire, acetylene and compressed 
air are used to “spot plate” where needed. 

An interesting voart of the sandblasting 
operation is the so-.alled sandblast 
applied by a hand spraying tool similar to the 
This 
defective 
spots which may appear in the porcelain-coated 
cabinet liners, blasting out the defective areas. 
The parts are then recoated and run through 
the cycle again 


“pencil” 


gun used for nonmetallic spray finishes 
pencil sandblast is applied to any 


The savings effected by this 
method of reclamation and reduction of rejects 
are obvious. 


Control, Testing and Research 


Laboratories constitute an indispensable 
part of the plant organization. In addition to 
the chemical, metallurgical and metallographic 
laboratories the company has also electroplating 
and new paints laboratories. The electroplating 
laboratory runs beaker-size trials, Hull cell tests 
and solution analyses. The paint laboratory 
completely tests all the properties of paint films. 
These tests cover: Hardness, flexibility, weather- 
ing by machine and sun exposure, moisture 
(water soak and humidity), color control, eryp- 
tometer, specific gravity, viscosity, as well as 
resistance to impact, abrasion, 
grease, fumes and stain 

The engineering department is 
charged with the responsibility of 
running control tests on new enam- 
eling materials and shipments of 
material. It conducts mill, dip, 
spray, and fire tests on shipments 
and new materials; reflectance, acid 
resistance, tearing and hairlining 
tests on fired samples; and hard- 
ness and flow tests on frit. Process 
control of enameling is the respon- 
sibility of the production depart- 
ment and this covers (a) solution 
control for metal preparation, (b 
firing check on milled enamel, (c) 
dipping and spraying controls by 
specific gravity and pickup or vis 
cosity tests 

By maintaining careful control 
of every phase of metal finishing, 
a high degree of economy is 
achieved in the application of the 
coatings, 


together with 
quality. 6S 
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oe cleanings nite 2 mein moar 


Cost of Welding Inert are and the metallic 


Stabilized Stainless 


r 

Diranium or columbium is commonly added 
to chromium-nickel stainless steels in sufficient 
amounts to combine with all the carbon present, 
thus preventing the precipitation of chromium 
carbide at the grain boundaries on heating in 
the range of 800 to 1500° F., and so avoiding the 
resulting susceptibility to intergranular corro- 
sion. Of the two stainless steel grades, A.LS.1. 
Type 321 (titanium stabilized) steels exhibit 
some superior attributes when compared to the 
A.LS.I. Type 347 (columbium stabilized stainless 
steels). Many of these advantages were admirably 
discussed at some length in the November 1950 
issue of Metal Progress. 

The investigation now to be described con- 
cerns itself only with the welding characteristics 
of stabilized stainless sheet. Corrosion proper- 
ties of welded Types 321 and 347 stabilized grades 
with various heat treatments in various commer- 
cial environments were compared by George 
Comstock in Special Technical Publication No. 
93 of the American Society for Testing Materials. 
The effects of heat treatment and composition as 
related to corrosion rates in a specific medium, 
namely, boiling nitric acid, have also been 
described by R. S. Stewart in Metal Progress for 
December 1947. Work on _ high-temperature 
properties of Type 321 conducted during the 
last six years at the University of Michigan is 
currently being summarized and will be pub- 
lished in the near future. Each of these studies 
demonstrates the ability of Type 321 to retain 
its corrosion resistance after many varieties of 
exposure to high temperatures. 

In addition to the foregoing, welding tests 
have now been made and costs evaluated for 
both Type 321 and 347 stabilized stainless sheet. 
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1ssociate Metallurgist 
Titanium Alloy Mfg. Division 
National Lead Co. 
Niagara Falls, N. Y. 


are 
welding processes were used. The 
analysis of the 18-g. sheet used in 
this investigation is as follows: 
Type 321 347 
Carbon 0.07% 0.05% 
Manganese 1.30 1.62 
Phosphorus 0.022 0.030 
Sulphur 0.009 0.012 
Silicon 0.48 0.29 
Chromium 17.74 17.12 
Nickel 9.98 11.11 
Titanium 0.56 
Columbium 0.76 

The results, now to be summarized, clearly 
show the means by which more satisfactory and 
more economical weldments can be made from 
Type 321 sheet than from Type 347 sheet. The 
phenomenal welding speeds which may be 
attained with Type 321 steel substantiate the 
recent work of John F. Tyrrell who investigated 
resistance, gas, metallic are, and inert are weld- 
ing processes (see Metal Progress, July 1950). 

Inert Arc Welding A total of one 36-in. 
and nine 24-in. welds was made of Type 321 
sheet using both a Type 321 welding rod and a 
turned-up edge or butt weld with no filler rod. 
It was considered irrelevant to make comparative 
tests on Type 347 sheet with inert are because 
of its excessive cost. To prepare the metal for 
welding, a slightly flared or turned-up edge, 
produced in shearing the sheet, proved quite 
adequate. Welding may also be performed by 
butting flat Type 321 sheets and using Type 321 
bare wire as a filler rod, although this may cut 
down optimum welding speed. 

Argon was used as the inert atmosphere 
rather than helium because experience in numer- 
ous shops has shown that the behavior of the 
torch is much more satisfactory with argon by 
virtue of its better conductivity. 

Results of the inert are welding tests are 
contained in Table I, and show that the maxi- 
mum welding rates with good penetration and 
sound welds of Type 321 sheet are as follows: 

1. With turned up edges: 80 to 85 in. per 
min. may be attained with 175 amperes. 

2. The same speed can be attained for flat 
sheared sheets, employing a filler rod, provided 
the operator develops sufficient manual dexterity 
in the manipulation of the rod. 





The only significance of the tungsten 
electrode that the greater the 
welding, the greater must be 
the current. 


size is 
speed of 
The higher currents neces- 
sitate the use of larger electrodes. 

Though this study did not compare 
the inert are welding speeds attainable 
of Types 321 347 stainless sheet, 
such comparisons have been made by 
Mr. Tyrrell in the article men- 
tioned, and he has amply demonstrated 
that Type 321 can be inert-are welded at 
much higher welding speeds than can 
Type 347 without cracks developing at 
the weld zone. 

Metallic Arc Welding A total of 
26 welds was made of Types 321 and 347 
sheet, using either coated or bare Type 
347 welding rod. Results are tabulated 
Although bare Type 
347 welding rod produced superior welds 
at faster speeds than the coated Type 347 
rod, 


and 


above 


in Table I, p. 652. 


these results 


since 
it is not considered good technique to 


weld stabilized sheet 


are not shown, 
with an 
the 
evaluated for corrosion resistance 


uncoated 
rod. Furthermore, welds were not 

which would 
favor the welds with coated rod. 

Preliminary trials gave evidence that it is 
imperative that the sheet edges are flush (min- 
imum gap between sheets to be welded), to pre- 
vent “burn-away”. To attain this desired set-up 
the sheets should be held in a suitable clamping 
fixture 

To obtain the optimum welding speeds with 
sound welds, both speed and current input were 
varied and the indicated 
from Table Il the optimum conditions for metal- 
lic are welding 18-g. stabilized 


are as shown in the following tabulation: 


results recorded. As 


stainless sheet 


Table I — Speed (In. per Min.) of 


WELDING Sprep 
IN. Pen MIN 
30 to 35 
35 to 40 
25 to 30 
30 to 40 


Heat Input 
(AMPERES) 
75 to 80 
75 to 80 
85 to 95 
90 to 100 


Sueet Type Rov Typt 
321 Coated 347 
321 Bare 347 
347 Coated 347 
347 Bare 347 
Higher welding rates yield poor penetration; 
higher heat inputs give a burn-away condition 
Either of these would be considered inadequate 
Straight polarity in contrast to reverse polar- 
ity is Also the 


obtained 


recommended for best results 


length of the welds for 
from 10 to 36 in., 


results varied 
with the distance traveled 
having no effect on the resultant weldment 


Only a slight difference in welding speeds 


Inert Arc Welding of 18-G. Type 321 





Rop SPEED ELECTRODE CURRENT 


None* 1/50 in 60 amp. 
321 8 1/50 60 
None 5 1/16 160 

321 1/16 140 
None 3/32 200 
321 ‘ 3/32 

None ) 3/32 

None 85 16 

None 75 1/16 

None 80 3/32 





PENETRATION SPEED Heat WeELb 


Good Too low Good 
Good 
(ood 


Good 


Good Too low 
Good 
Good 

Incomplete 


at end 


Too low 


Too low? 


loo high Limiting Fair 


At limit 
At limit 


Good 
One bad spot Good 
Fair 
Good 


Insufficient Fair 
Optimum Note (a) 


Optimum 


Good 


Good Good 








*Butt-type weld performed with slightly flared edges. 
Difficult for operator to feed weld rod at this or faster rate 


(a) Use 
larger 


higher heat with 
electrode, as in next line. 
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Table Il — Metallic Arc Welding, Type 321 


Versus Type 347 (3/32-In. Coated Rods, Type 347) 





SHEET SPEED CURRENT POLARITY 


321 amp. 
321 
321 
321 
321 
347 
347 
347 
347 
347 
347 
347 
347 
347 
347 
347 


30 (a) 
35 
45 
60 
30 
60 
40) 
85 
40 
50 
35 
30 
30 
30 


25 


Straight 
Straight 
Straight 
Straight 


versed 


»”» 


‘ 
‘ 
‘ 


io 
100 
80 
100 
8&5 
80 
80 
70 
80 
100 
85 


25 85 


*V ersed 
versed 
versed 
‘Vv ersed 
versed 
*y ersed 
*\ ersed 
versed 
*versed 
versed 
Straight 





PENETRATION 


Incomplete 
Insufficient 
Insufficient 


Insufficient 
Insufficient 
Insufficient 
Insuflicient 
Insuflicient 


SPEED HEAT WeELbD 


Good Too low Good 


Poor 


Satisfactory 
Maximum air 
Too high 
Too high Poor 


Good 
Poor 


Too high* 
Fair 

Too high Too high* 
Too low 
Too high 


Poor 


Too high 
Too high 
Poor 


Too high Satisfactory 


Too high Too low Poor 
Satisfactory 
Too low 
Slightly low 
Slightly high* 
Optimum 
Optimum 


Fair 
Poor 
Fair 
Good 
Good 


Good 


roo high Fair 
Fair 
Fair 
Fair 

Good (b) 

Good (b) 


Slightly high 


Optimum 
Optimum 








*Burn-away condition noted. 


can be noticed between sheets of Type 321 and 
Type 347; however, the major difference comes 
about through the cost of the sheet, as will be 
shown later. 

Tensile tests were made with each weld- 
the of the test Results 
showed that those welds with good penetration 
did not break at the joint. the of 


ment at center piece. 


For sake 
brevity, these results are omitted 


Cost Evaluation 
For the ot the 
complete welding of the entire periphery of a 
standard 18-g. sheet, 36 by 120 in. in dimension, 


purpose evaluating costs, 


or 312 in. of welding, was considered. The cal- 
culated values do not account for set-up time, 
which would be uniform for both types of sheet. 
Material costs were quoted by a large producer 
of stainless. steel on the basis of a No. 1 
rolled finish 


or hot 
Labor costs in Table HI inelude both direct 


and indirect, including overhead in the locality 


Table Ill — Estimated Cost of Welding Around a: 
Sheet of 18-G. Stainless 


, 
, 


(a) Inches per minute. 


6 


(b) The weld with straight polarity is slightly better. 


The 


321 sheets is 


where the welding was performed. labor 


cost for inert are welding of Type : 
calculated by using an average speed of 80 in. 
per min. with a slightly turned-up edge. Argon 
costs average 9¢ per cu.ft., or $21.40 per cylinder. 
At the rate of 10 liters per min., one cylinder 
should last for 16 hr. of continuous welding, or 
a cost of $1.34 per hr. 

Labor costs for are welding were calculated 
using the following optimum speeds: 

1. Welding 
32 in. per min 

2. Welding 
37 in. per min 

3. Welding 
25 in. per min. 

4. Welding 


35 in. per min 


Type 321 sheet with coated rod: 


Type 321 sheet with bare rod: 


Type 347 sheet with coated rod: 


Type 347 sheet with bare rod: 


Conclusions 


the data 
(titanium 


From 
Type 321 


that 
sheet 


it 
stabilized) 


obtained, is evident 


stainless 
may be purchased and welded with 
superior welds at less expense than 
x 120-In. the cost of the Type 347 (columbium 


stabilized) stainless sheet alone. 





Type 321 Sueet Typt 


None* 


40.95 
O.09 


tod 


347 coated 
40.95 


347 bare 


Cost of sheet 40.95 


43.79 
Cost of gas 
Cost of rod 


Labor? 


Total 


0.40 
0.64 


().: 0.40 


0.26 02 0.83 


$41.30 $41.99 $41.76 $45.02 





347 SHEET 


347 coated 


This is true for either process, inert 
are welding or metallic are welding, 
although the 
vields joints 


347 bare 
43.79 


inert are welding 


process with higher 
strength and is cheaper to perform 
than the 


greater economy being possible by 


0.25 


oo its 


metallic are welding, 


$44.63 





virtue of the faster welding speeds 





*Inert arc welding. 
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‘Set-up disregarded. 


safely obtainable. 





High-Temperature 


Steels and Alloys 


for Gas Turbines 


A\ HEN the war ended, it was generally accepted 
in England that the gas turbine would be the 
engine for many future types of aircraft, and it 
was widely expected that prime movers of this 
kind would also have important land and marine 
applications. Also, it was universally recog- 
nized that progress in gas turbines of all kinds 
would depend on the metals made available for 
use in them. Since then, aircraft gas turbines 
have developed rapidly, and efficient and reliable 
units of many designs are now being made in 
large numbers 

Development of such engines with even 
higher thermal efliciency introduces difficulties 
with regard to constructional materials capable 
of withstanding and operating at increasingly 
high temperatures, and to gain a cross section 
of the work carried out on this subject in the 
past decade, the council of the Iron and Steel 
Institute decided to organize a “Symposium on 
High-Temperature Steels and Alloys for Gas 
Turbines”. This symposium was held in London 
on Feb. 21 and 22, when some 40 technical papers 
were presented by members of the Institute and 
discussed by Britishers and their guests from all 
over the world. 

On the evening prior to these sessions, Sir 
Frank Whittle, British pioneer of jet engines, 
delivered the fifth Hatfield Memorial Lecture to 
a cosmopolitan audience of over 650, when he 
spoke on “Turbine Problems in the Development 


of the Whittle Engine”. He paid eloquent tribute 


Reported by 
Tom Bishop 
Metallurgical Editor 
Iron & Coal Trades Review 
London, England 


to the part played by the late Dr. 
W. H. Hatfield of Sheffield and his 
colleagues in the development of 
certain steels which eventually made 
the first engine possible. He also 
traced the progress of the jet engine 
to the present day, dwelling mainly 
on the engineering aspects that were 
encountered and solved 

D. A. Oliver, director of re- 
search, B.S.A 
and chairman of the organizing 


Group of Companies 


committee of the symposium, acted 
as chairman of the opening meeting. 
He first apologized for the postpone- 
ment of the symposium from last 
fall, owing to the printers’ strike 
which prevented the papers from 
being fully preprinted and circulated. This had 
caused one American delegate, Howard C. Cross, 
metallurgist at the Battelle Memorial Institute, 
to cross the Atlantic twice in a relatively short 
period of time! Pointing out that the papers 
were exclusively by his countrymen, he said 
discussion would be especially welcome from 
abroad. Part of the work of the past 10 years 


had hitherto been veiled for security reasons 

The papers presented fall into six groups: 
1. User's point of view, including three papers 
by firms engaged in the construction of gas tur- 
bines. 2. Nickel-base alloys, and austenitic and 
ferritic steels now being produced in Britain 
3. Six papers on the properties of high-tempera- 
ture materials, such as scaling, high-temperature 
fatigue, and modulus. 
4. Seven papers on manufacturing techniques, 


variation in elastic 


such as centrifugal casting, precision casting, 
welding and machining. 5. Research techniques. 
6. General developments in sintered metal and 
ceramics. A rapporteur gave a résumé of each 
group of papers, whereupon a general discussion 
occurred before attention was given to the sub- 
sequent group. 

Appropriately enough, the leading paper in 
the symposium was an introduction by N. P 
Allen, superintendent of the metallurgy division 
of the National Physical Laboratory, entitled “A 
Survey of the Development of Creep Resisting 
Alloys”, and the final paper was “Future Needs 
in Materials for Land and Marine Gas Turbines” 
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by J. M. Robertson, chief research metallurgist 
for C. A. Parsons & Co., Ltd. Dr. Allen’s mas- 
terly historical summary, a condensation into 
ten pages of printed text, viewed British, Ameri- 
can and German developments up to 1946. The 
history is one not of revolutionary discoveries 
but of short advances, each one leaning upon 
knowledge gained elsewhere; no 


new practice 


arose in one place alone. In general, the alloys 
of 1946 have properties at 1500° F. comparable 
with those of the 1938-alloys at 1200° F.— largely 
by taking advantage of alloying additions which 
conferred the property of precipitation harden- 
ing. He emphasized that these 1946-alloys were 


Table I — Creep of Double Aged Nimonic 80 at 


650° C. (1170° F.) and 33,750 Psi. 


21.4% Cr, 2.34% Ti, Al, 3.08 Fe, 
1080° C, (1975° F.) and water quenched. 


0.38¢ Jalance Ni. 


Hardness 


Sol 


189 to 200 Vickers diamond, 


time to onset of tertiary creep, and on the time 
to rupture, could be overcome. 

Since-this paper by Pfeil, Allen and Conway 
was written, Mond Nickel Co. has released details 
of a still newer alloy, Nimonic 90, with increased 
creep strength. At 750°C. (1380° F.) 
80A is required to withstand a stress of 38,000 
psi., and Nimonic 90 a stress of 42,500 psi. At 
815°C. (1500° F.) 870°C. (1600° F.) 
Nimonic 90 has shown high load-carrying capac- 


Nimonic 


and even 
ity for long periods. It can be forged between 
1050 and 1150° C. (1920 and 2100° F.), although it 
rapidly stiffens below this temperature. 
Electro-Machining nickel- 
chromium alloys, akin to 
the 80-20 electrical 
tors well known to Amer- 


These high 


resis- 


ution treated 8 hr. at icans as Nichrome or 


Chromel, rapidly build up 





HAnRb- SECONDARY 


Creep Rate 


AGING TREATMENT 


16 hr. at 700 
2's hr. at 800 
plus 16 hr. 

% hr. at 850° C. 
plus 16 hr. at 700 


0.00606 per hr. 


t 700 0.0005 
‘ 


o.0013 





Timi 
PerTiany Creep 


70 hr. 


230 


TO ONSET 


“ a protective scale when 
rmMeE TO Salad ‘ TI 
. ater air. Ss scale 
FRACTURE 1eAale in alr ul Cale 
is extremely thin, but ox- 


111 hr. ide 


may penetrate 
to 
and produce an 


notch effect 


grain 
boundaries 
0.003 


248 perhaps 
in 
283 undesirable 





for short-lived engines for aircraft; the bulk of 
the papers in the symposium consider materials 
for larger engines of much more durability. 


Ni-Cr-Ti Alloys 


The leading examples of the nickel-chromium- 
titanium family are the “Nimonic” alloys. L. B. 
Pfeil, manager of the development and research 
department of Mond Nickel Co., Ltd., and his 
former associates N. P. Allen and C. G. Conway, 
gave information on the Nimonic 80 type of 
alloys. This contains 18 to 21 
2)o°% titanium, approximately 
the balance being nickel. 


chromium, 2 to 
0.5 aluminum, 
In the development of 
the series, it was found that some melts hardened 
considerably and it was 
thought that for some machining operations this 
would be objectionable. 


during air cooling, 
Experiments were there- 
fore carried out to see whether the loss in creep 
properties associated with water quenching from 
the solution heat treatment could be neutralized 
by modifying the subsequent aging treatment. 
Some of the results are set out in Table lL By 
the of aging treatment, 
involving a short preliminary aging at 800 to 
850° C. (1500° F.), followed by a prolonged aging 
at 700°C. (1290°F.), the ill effects of water 
quenching on the secondary creep rate, on the 


application a double 
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in parts working under 


alternating stresses. It can 


be completely removed by “electro-machining”, 
a process similar to electro-polishing, wherein 
the part is made anodic with suitably disposed 
HCl solution and 0.8 to 15 
ampere per sq.in. current density. After 5 min 
the lightly blasted to 
remove adherent oxide, and again immersed for 


cathodes in a 50% 


part is removed, shot 
° min. 

Dr. Pfeil also notes the importance of short- 
His 


experience is that, if the analysis is correct and 


time acceptance tests for commercial heats. 


the metal works properly in forging, the heat 
be up to standard if it 
strain-time curve short 


will a normal 
in a test. In the 
latter sense, the British standard D.T.D. specifi- 
cation No. 736 for Nimonic 80A calls for a sec- 
ondary creep rate not exceeding 0.01° 
to of tertiary not less than 
o0 hr., and time to rupture not less than 75 hr. 
under stress of 38,000 psi. at 750°C. (1380° F.). 


follows 


creep 


per hr., 


time onset creep 


Chromium-Base and Cobalt-Base Alloys 


E. 
Fulmer 


A. G. Liddiard and 
Research Institute (Stoke 
the of producing chromium- 
base alloys, wherein difficulties are encountered 


A. H. Sully, of the 
Poges) re- 
viewed methods 
in all methods designed to remove oxygen from 
the metal and to prevent further contamination 





by oxygen, nitrogen, or carbon. It appears that 
melting and casting operations should be carried 
out in a vacuum or in an atmosphere free from 
these elements. 

Certain chromium-base alloys possess a very 
high level of creep resistance at 900 to 1000° C. 
(1650 to 1830° F.) and are believed to be superior 
to any other metallic alloys so far investigated 
in this range of temperature. They also have 
high resistance to oxidation and a fairly low 
density. Unfortunately, chromium and its alloys 
have extremely low ductility at room temperature 
Their applicability to gas turbine construction 
would be much widened if their ductility at nor- 
mal temperatures could 
be significantly improved 


Fig. 1 (Left) 


Their method consisted of synthesizing small 
samples by mixing appropriate powders, com- 
pressing and sintering at 1400°C. (2550° F.) for 
16 hr. to permit interdiffusion, then annealing 
the compacts at 620°C. (1150° F.) for 60 hr. for 
a low-temperature equilibrium. The resultant 
small sinters were then studied by X-ray diffrac- 
tion methods to determine the constituents and 
their lattice dimensions. 

Results are given in a pair of triangular dia- 


Fig. 2 
Fe-Cr-W 


Same for 


System 


Suggested 


freas of Useful Fe-Cr-Mo 
Compositions for Heat 
Resistance and High- 


90 Temperature Strength 








Chromium, Atoms % 


According to J. C. Chaston and F. C. Child 
of Johnson Matthey & Co. Ltd. (Wembley), the 
tantalum-chromium-cobalt alloys appear to offer 
promise, especially for service as castings at 
temperatures around 900° C, (1650° F.). The alloy 
containing 10° Ta, 10% Cr, and 0.3% C has 
been selected for special study and has been cast 
successfully by the usual precision casting tech- 
nique. If maximum creep endurance is required, 
it would probably be advantageous to increase 
tantalum and chromium contents to 15% or more. 


Ternary 


The phase relationships of the iron-chromium- 
molybdenum and iron-chromium-tungsten sys- 
tems have been investigated by H. J. Goldschmidt 
of the B.S.A. Group Research Center (Sheffield). 


50 60 70 80 
Chromium, Atoms % 


20 3 4 


grams, from which it appears that the behavior 
of the sigma and xi phases is largely competitive; 
they tend to inhibit each other. A ternary com- 

pound occurs in the iron-chromium-molybde- 

num system, of 
Fe,CrMo,. The compound FeMo existing above 
1180°C. in the 


retained by quenching, and it 


approximate composition 


iron-molybdenum binary is 
possesses the 
sigma structure; it forms a continuous series of 
solid solutions with FeCr and, in contrast to the 
latter, is stable up to its melting point. Two 
other ternary diagrams are presented (Fig. 1 
and 2) which map the approximate areas where 
practical application for heat resisting materials 
of high-temperature strength of the alloy sys- 
tems may be expected, either as massive articles 
or as surface layers 


Creep Resisting Ferritic Steels 


E. W. Colbeck and J. R. Rait, of Hadfields, 
Ltd. (Sheffield), deseribe in detail the develop- 
ment of a series of steels called H.G.T.3, based 
on 3% chromium and containing about 0.55% 
each of molybdenum and tungsten, about 0.75% 
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A Fracture 
/ at 500 hr. 


Specified Maximum 
for 24,700 Psi. 


Creep Curves for 
26,900 Psi. and 600°C. 
(10°F) 


Creep Strain x 10° 
w sy 


\ 


Tested at 650°C 











300 400 500 
Hours 
Fig. 3 Comparative Creep Curves for Fer- 
ritic Steels Tested at 26,900 Psi. and 600° C. 
(1110° F.). 
tenitic G18B tested at 50° C. higher temperature 
Legend 


Compare warm worked high-alloy aus- 


V80 disk (boss), 127,000 psi. 
V80 disk (boss), 140,000 psi. 
V80 disk (rim), 131,000 psi. 
V80 disk (rim), 151,000 psi. 
(e) Mo-V disk (rim), 121,000 psi. 
({) Mo-V water quenched, tempered, 131,000 psi. 
(g/ Mo-V oil quenched, tempered, 131,000 psi. 
(hi Cr-Mo-V disk (rim), 139,000 psi. 
(i) Cr-Mo-V) bloom, 151,000 psi. 
(j) Cr-Mo-V, 127,000 psi. 
(k) G1I8B warm worked disk 


vanadium, and 0.25° carbon. Their results so 
far obtained on high-chromium alloys confirm 
and emphasize the importance of the conclusions 
arrived at for the low-chromium alloys 
namely, that for good creep resistance it is 
essential to obtain the minimum amount of a 
stable cubic carbide of the NaCl type, as finely 
dispersed as possible. While putting the carbides 
in this condition it is important to avoid the 
formation of delta ferrite, and also to avoid 
changes in composition of the ferritic solid 
solution which would weaken it. 

A series of ferritic alloys containing up to 
3% of chromium, with less than 1° 


tungsten, molybdenum and 


each of 
vanadium, has 
Steels 
chromium can also be produced 


proved to have very 
with 10 to 12° 


with a good combination of creep, sealing, and 


good properties 


corrosion resistance 

Forged disks made from a steel of the same 
type manufactured by another firm under trade 
name V80 were studied by Messrs. Burton, Rus- 
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sell and Walker of English Steel Corp. (“Ferritic 
Steels for Gas Turbines”), and compared with 
two other ferritic steels of even lower alloy con- 
tent. (See Fig. 3.) The Mo-V_ steel contains 
0.20% C, 0.606 Mo, 0.30% V, and has been used 
extensively in high-pressure steam turbines. The 
Cr-Mo-V 
tains 0.60% chromium in addition to those just 
listed 


steel is under development and con- 


All of the V80 samples are well below 
the specified 0.5% creep in 300 hr. under 24,700 
psi. at 600°C, (1110°F.). Heat treated Mo-V 
steels had low creep rates but quite short lives, 
as was also true of the Cr-Mo-V steel bloom with 
high tensile strength (151,000 psi.) which started 
on the tertiary creep leading to failure at about 
100 hr 


steels to determine optimum manufacturing con- 


Work is progressing on these low-alloy 


ditions and heat treatments 

The authors emphasized that curves, such as 
those in Fig. 3, cross and recross in the early 
stages less than 50 hr and therefore short- 
time properties such as frequently specified are 
valueless for comparison and evaluation 


fustenitic Alloys 
Among several analyses of heat resisting 
steels manufactured by William Jessop & Sons, 
Lid., GI8SB was selected for detailed discussion 
by D. A. Oliver and G. T 


research organization. 


Harris of the firm’s 
GISB is an austenitic 
alloy of the following type: 04% C, 0.8% Mn, 
1.0% Si, 13.0° Ni, 13.0% Cr, 2.55% W, 2.0% Mo, 
3.0% Ch, 10.0% Co, balance (54 =) Fe. In their 
paper entitled “Some Proven Gas Turbine Steels 
and Related Developments” the authors point out 
that GI8B was the first high-temperature alloy 
to incorporate appreciable additions of colum- 
bium and cobalt to the expected alloys nickel, 
chromium, tungsten, and molybdenum, and was 
unique in utilizing large quantities of complex 
carbides (reflected in its 
0.406 


carbon content of 


when most alternative contemporary 


austenitic alloys had less than 0.15% carbon 
It has a good balance of properties between 
scaling resistance, creep strength, hot and cold 
fatigue strength, ductility, freedom from embrit- 
tlement, and weldability. 

“Warm Working” The very earliest disks 
in G1I8B tended to stretch when speeding up 
from the cold, because of its deficient 
(31,500 psi. at 0.1 strain 


on typical disks about 12 in. in diameter was as 


prool 
stress ; radial growth 
much as 0.100 in. It was found desirable to age 
the solution-treated disks in order to raise the 
proof stress by about 30°, which reduced the 


growth to about 0.050 in., (Continued on p. 690) 





Reported by R. A. Lambert 
Superintendent 
Steam Efficiency & Combustion Dept. 
Jones & Laughlin Steel Corp. 
Pittsburgh 


Instrumentation 


in Steelmaking 


ry. 

Dur PITTSBURGH section of the Instrument 
Society of America held its first regional confer- 
ence late in March, cosponsored by the local 
groups of eight other national engineering soci- 
eties, including the @, and by Carnegie Institute 
of Technology. Its general topic was “Instru- 
mentation in the Iron and Steel Industry”. Those 
papers that had to do with production instru- 
mentation in the openhearth shop will be sum- 
marized in what Equally important 
discussions on inspection and gaging are crowded 
out of this account by space limitations; they 
will eventually be published by the Instrument 
Society of America. 

Martin J 
Wheeling Steel Corp., considered “Instrumenta- 
tion and Control in the Utilization of Mixed 
Fuels and Oxygen in Openhearth Furnaces”. In 
an 11-furnace shop the original size of heats was 
60 net tons. 


follows. 


Conway, consulting engineer of 


They are now operating at 175 net 
These furnaces are fully instrumentalized 
with automatic reversal, fuel-air ratio control 


tons. 


with correction for combustion oxygen when 
used, automatic furnace pressure control, and 
all necessary fuel meters. Both tar and oil are 
available for these furnaces, as well as surplus 
coke oven gas on week ends. Fuel input control 
is automatic, in that the B.t.u. per hr. input is 
automatically maintained whether the fuel is 
liquid or gaseous. 

A relatively new innovation has been incor- 
porated into the instrumentation. This is vis- 
cosity control of the liquid fuel. According to 
Mr. Conway, it is important that the viscosity be 
maintained constant so that when the liquid fuel 
is atomized by steam there will be no variation 


in flame characteristics which might otherwise 


be due to viscosity fluctuation of 
the fuel. 
been to control the fuel temperature. 


The orthodox manner has 


Since there is an appreciable varia- 
tion in viscosity of different oils, 
particularly at temperatures of 
around 200° F., this does not assure 
a constant viscosity. Also, since the 
fuel oils used in openhearths gener- 
ally are of the No. 6 heavy residual 
petroleum type, consumers cannot 
be assured of uniform quality, par- 
ticularly during times of market 
Therefore, this rela- 
tively new instrument has been developed by 
the Fisher-Porter Co 


accelerated 
demands and shortages. 


When this automatic con- 
trol is operated through a standard liquid fuel 
heater, using steam for heating, a viscosity of 
about 150 Saybolt Universal, seconds, can be 
maintained at the openhearth burner atomizer 

Edward H. Cauger, also of Wheeling Steel 
Corp., gave some further information on this 
general subject Their oxygen plant is in full 
use, producing 132 tons per day, 120 tons at 
95° purity. Some of this is used in the recently 
instrumentalized openhearth furnaces. The 
remainder of the oxygen plant production is at 
99.5° purity and is used principally for welding 
and searfing. Increase in production from these 
21 instrumented furnaces is extremely gratifying, 
together with a 15% lower fuel consumption 
than that obtained in 1949. Roughly, the gains 
in tonnage were attributed as follows: About 
15° to the use of oxygen for metallurgical pur- 
poses (that is, for combustion and for blowing 
into the openhearth bath through oxygen lances 
to accelerate the oxidation of carbon from the 
bath), 10° to the inerease in hot metal iron 
charged to the furnaces from the blast furnaces, 
and a remaining 5% of this gain in production 
(and the decrease in fuel consumption) was 
attributed to the instrumentation. 

The last statement was of considerable inter- 
est to the conference, inasmuch as it indicates 
that instrumentation has played an appreciable 
part in this production gain. It was emphasized 
that in any instrumentalized process, however, 
the operators must be sold by an alert and 


aggressive technical organization as to the proper 
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help they will get from the instruments. Par- 
excellent maintenance is a must, particularly 
necessary in order to gain the confidence of the 
operators in their instruments. 

Of particular interest was Mr. Cauger’s 
views of the gas dispatcher’s panel board. It 
houses all the recording and integrating meters 
for the major fuel consumers. Some of these 
consumers were located as much as 15 miles 
from the dispatcher’s office. By means of these 
recording telemetering meters, he can observe 
what quantities of fuel are being used at the 
various plant locations and also what gaseous 
fuel is being received from the coke works and 
other sources, and therefrom can allocate the 
use of all available fuel to the various con- 
sumers in the most efficient manner. From this 
reporter's experience, this gas dispatching con- 
trol has assumed an extremely important func- 
tion in assuring continuous and most efficient 
use of steel plant fuels.* 


Roof and Bath Temperature 


A lengthy discussion from the floor, after 
Messrs. Conway and Cauger had presented their 
papers, arose as to the merits of openhearth 
automatic roof temperature control. At the 
Wheeling Plant the roof temperature is recorded 
on a chart visible to the furnace operators. 
They, of course, know that the roof has the 
expectation of a relatively short life, in’ the 
neighborhood of four to six months. Roof 
refractories cannot successfully stand tempera- 
tures above 3050° F. Above this the roof brick 
melts or “sloughs off’ (the term frequently 
used). Some commentators reported that the 
fuel input should be automatically reduced when 
the maximum safe temperature was reached. 
The location of the primary element (that is, 
the sighting tube focussed on the hot brickwork ) 
was much in question. Some instrument engi- 
neers reported satisfactory results from an open- 
ing through the back-wall or the front-wall of 
the furnace through which a radiation pyrometer 
could be directly sighted on the inner surface 


*Eprron’s Nott At a recent visit at the most 
modern Geneva (Utah) plant The Editor found that 
instrumentation at all points blast furnaces, open- 
hearth, soaking pits, rolling mills was extra good. 
It undoubtedly contributes to the efficiency records 
the operators are setting. One most elaborate instal- 
lation in the main powerhouse exercises remote 
control of all important power circuits (motors, 
even) so as to avoid surges after temporary shut- 
downs and undue peaks of demand. The latter is 
unusually necessary since the Geneva power plant 
is hooked into the intermountain network. 
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of the roof. Others reported successful results 
when the sighting tube is located outside and on 
top of the roof, and the pyrometer focussed on a 
tube block integral with the roof brick. 

One important factor in the production of 
uniform steel, heat after heat, is the temperature 
of the metal in the furnace during the refining 
stage. The history of the efforts to measure this 
temperature quickly, cheaply and accurately 
was outlined in the first part of “Comparison 
of Methods of Measuring Molten Metal Temper- 
atures” by J. W. Perey of United States Steel 
Co. Today, Mr. Perey reported, there are two 
primary methods One uses an open tube 
inserted beneath the molten slag. Clean, dry 
compressed air is applied to this tube of suffi- 
cient pressure to prevent any steel or slag from 
rising into it. A thermopile located within the 
tube then reads the millivoltage generated trom 
the radiation coming into its open end, and this 
is recorded on a speedy electronic dial gradu- 
ated to read directly in temperature. This method 
requires about 8 sec. immersion to obtain a 
proper reading. 

The second method is by use of a special 
platinum thermocouple which, by nature of the 
protection designed into it, will withstand steel- 
making temperatures. The millivoltage generated 
is, in the same manner, recorded on a_ fast- 
moving recorder. It requires about 25. see 
immersion to obtain a proper reading. From 
Mr. Percy’s paper, one would gather that either 
of these two methods produces the desired 
result that of measuring the temperature of 
the molten steel before tapping. The result of 
such temperature control is not only to produce 
steel of an improved quality but also to reduce 
or eliminate ladle “skulls” which are the results 
of a heat which is too cold. On the other hand, 
if a heat is tapped at too high a temperature the 
result is “stickers” ingots which stick to the 
mold’s stool. 

It was a welcome surprise to hear reports 
that unreliable readings with this type of equip- 
ment were in the neighborhood of one in 100, 
which, when one considers how the ordinary 
furnace operator usually handles such equip- 
ment, indicates the fine progress which has been 
made by the instrument engineers and repairmen 
in designing and servicing rugged equipment. 

Lester Veiock of the Heppenstall Co. pre- 
sented a separate paper with many colored slides 
on “A Thermocouple System for Molten Metal 
Temperature Measurement”. His company has 
obtained the greatest value from this instrument 
in the operation of acid openhearths. An aver- 
age of 80 to 100 readings is being taken with 





each couple, according to Mr. Veiock, before any 
repairs are necessary to the couple assembly, 
with the exception of course of the graphite plug 
and quartz tip which are always renewed before 
each reading. Some have lasted well over 200 
One precaution not usually regarded 
is that all couple wires must be handled with 
clean hands; oil or grease will contaminate the 
couple wire. 


readings 


In Heppenstall practice, two read- 
ings are usually secured per heat. These, taken 
within an hour of tapping time, enable the fur- 
nace operator to control his fuel input so as to 
obtain the desired bath temperature. 

There are so many factors involved which 
are conducive to better general operation and 
lower costs of openhearth practice that only a 
few of them can be mentioned here. Quality 
control is by far the most important and the 
temperature of the openhearth bath affects 
quality control immensely. Fuel conservation, 
refractory conservation, furnace life, furnace 
availability, increased yields due to elimination 
or reduction of skulls as mentioned previously, 
reduction of delays in the stripping of the mold 
from the ingot, and faster time between teeming 
and charging into the soaking pits are also 
important factors in steelmaking which can be 
improved by the use of this type of temperature 
measurement 

The present reporter feels that the bath 
While 
progress has already been very commendable, as 
indicated by the papers presented by Messrs. 
Percy and Veiock, the need is now for further 
simplification. By the intense interest indicated, 
engineer will certainly make 
earnest attempts to achieve this simplification. 

D. R. Loughrey, chairman of the session, 
commented on the expansion program at Jones 
& Laughlin’s Pittsburgh Works. This includes 
eleven 250-ton stationary openhearth furnaces. 
The instrumentation contemplated on these fur- 
naces will be pneumatic and electric, primarily. 
A full complement will include roof temperature 


pyrometer has a very important future. 


the instrument 


control, furnace pressure control, and automatic 
reversal based on time, temperature difference, 
or maximum temperature, with the use of 
chromel-alumel couples in the flue outlets to 
the stack. The furnaces will also be equipped 
with arrangements for blocking of the fuel input, 
of the oxygen or of damper control during 
reversal (if such operation is found advisable). 
The furnaces will be equipped with burners for 
fuel oil, tar, coke-oven gas, and oxygen for 
combustion carbon reduction). 
Fuel flow, steam and oxygen pressure and flow, 
and gas pressure will be controlled. 


(and also for 


Viscosity control, similar to that described 
previously, will be supplemented by individual 
reheaters for the liquid fuel and these will be 
under temperature control. A_ pilot control in 
the main circulating line of both the residual tar 
and fuel oil will maintain constant viscosity, 
and the temperature which is required for any 
desired viscosity can be measured as frequently 
as is found necessary. Readjustments will then 
be made at the individual furnaces to correspond 
to that obtained from the pilot viscosity control. 

Various interesting features of the control 
house were described by the present reporter 
The panel board will house all the necessary 
recording and controlling instruments. In addi- 
tion to these, large indicating dials will be cen- 
tered on the panel so that the furnace operator 
will read therefrom all the pertinent information 
necessary in the operation of his furnace. The 
various levers, knobs, hand senders, and lights 
will be conveniently located on an outside con- 
There 
will be little need to enter the control house, 


sole in front of the instrument house 


since all control mechanisms will be within easy 
reach from the outside front. A safety feature 
will be that no gas or liquid fuel lines will enter 
the instrument house. The primary elements 
will transmit their respective values by pneu- 
matic signal, and the panel board and console 
will be equipped with pneumatic piping and 
solenoid valves. Design of the various servo- 
mechanisms and the location of the instrumen- 
tation on the panel board and outside console 
were primarily dictated by what would be the 
best, operatively, from the melter’s viewpoint 
Ease of maintenance, while kept in mind, was 
considered a secondary factor. 


Servomechanisms 


A forum on electric, hydraulic, and pneu- 
matic servomechanisms occupied one afternoon 
of this conference. Andrew J. Fischer, assistant 
chief engineer in construction of 
Bethlehem Steel Corp., was the chairman, and 
Elwood T. Davis of Leeds & Northrup Co., 
H. Ziebolz of Askania Regulator Co., and A. A. 
Markson of Hagan Corp 


experts. 


charge of 


formed the panel of 


The essence of the presentation indicated 
that the process to be served usually governs 
the type of servomechanism to be used. The 
response from the audience in the discussion 
indicates that — for various reasons, advantages 
and disadvantages -— all three mediums, electric, 
pneumatic and hydraulic, are widely used and 
accepted as satisfactory 8 
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Materials for 


Fluorine Control 


Equipment 


Aurnovucu chemists have been cognizant of 
certain remarkable characteristics of fluorine, 
only within recent years have a few of the 
practical potentialities of this element been 
Since World War II, some of the 
industrial applications of fluorine have been dis- 
cussed in Industrial and Engineering Chemistry, 
Vol. 39, March 1947. information 
pertinent to the handling of liquid and gaseous 


realized. 


However, 


fluorine under high pressure has been extremely 
limited. It is hoped that these remarks will 
supplement the existing knowledge of suitable 
construction materials for liquid and gaseous 
fluorine technical environments. 

Successful handling of fluorine is dependent 
on caretul selection of construction materials 
and the observance of unusual precautions to 
assure that equipment is free from contami- 
nation At 
fluorine presents unique handling and control 
problems 


pressures around 600° psi., liquid 


A reaction between liquid fluorine 


and circuit contaminants or between liquid 


fluorine and improper construction materials 
ordinarily results in ignition of the containing 
metal contiguous to the reaction zone. Fortu- 
nately, nickel and several high-nickel alloys have 
demonstrated excellent resistance to the action 
of gaseous and liquid fluorine and have made 
possible the safe handling of this formidable 
element over a wide range of operating pressures 
and temperatures. 
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By G. E. Zima** 
and R. N. Doescher 
Senior Research Engineers 
Jet Propulsion Laboratory 

California Institute of Technology 
Pasadena, Calif. 


Tank —- The low boiling point 
187°C. at a 
mosphere) and hazard potential of 


pressure of 1 at- 


fluorine dictate close temperature 
control of the storage and feed sys- 
tems. A small capacity, high-pres- 
sure storage tank for liquid fluorine 
is shown in Fig. 2. This tank is 
composed of three units: An inner 
container for liquid fluorine, a con- 
tainer for liquid nitrogen, and a 
high vacuum insulating shell. The 
covers for these three components 
were made integral with the central 
family of concentric fittings by 
The liquid fluorine con- 
tainer was made of “A” 


welding. 
nickel. This 
unit was machined from forged stock and are 
welded with nickel (131) electrodes. Particular 
care was taken to remove welding flux and oxi- 
dation scale from the inner surface of the fluo- 
rine container, and all weld unions were given a 
rough polish. Annealed nickel of approximately 
Brinell 95 was used for the sealing ring in the 
cover of the fluorine tank. 

This container was designed for a working 
pressure of 600 psi. The tank structure for the 
nitrogen and vacuum jackets was made entirely 
of Monel. All Monel welds were made with 
Monel (130 X) are welding electrodes. The 
welded sections of this tank were not given a 
stress-relief heat treatment. When moisture was 
removed from the nickel tank prior to the intro- 
duction of fluorine, the nickel exhibited no notice- 
able corrosion. Appreciable nickel 


deposits, however, resulted when water was not 


fluoride 


removed. On the basis of subsequent experience, 
pure nickel is inferior to Monel as a_ liquid 
fluorine container because of its susceptibility to 
attack by hydrofluoric acid, which is extremely 
difficult to avoid in a fluorine system. 


*This paper presents the results of one phase 
of research carried out at the Jet Propulsion Lab- 
oratory, California Institute of Technology, under 
t. S. Army Ordnance Department Contract No. 
W-04-200-ORD-1482. 

**At present Research Engineer, Naval Ord- 
nance Test Station, Pasadena, Calif. 





Piping — Liquid nitrogen and vacuum jackets 
were extended to the liquid fluorine feed lines. 
The fluorine channel was made of “A” nickel 
seamless tubing. Monel has subsequently proved 
superior for this application, for the reason just 
mentioned. In order to reduce differential ther- 
mal expansion, the expansion ring and jacket 
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Liquid Nitrogen . 


Vacuum — 
| 























Liquid Fluorine - 





Fig. 1 


in expansion ring was used on each pipe length 


Section of Liquid Fluorine Feed Line. 


tubes were made of Monel. The weld end fit- 
tings provided continuity for the nitrogen and 
vacuum jackets around the flanges. 


tions were of “K” 


Flange sec- 
Monel; rings of soft nickel 
effected the interflange sealing. 

The “K” Monel has shown the same excellent 
liquid Monel. 
Flanges were machined from cold rolled stock 


and were not age hardened for this application. 


resistance to fluorine as has 


Age hardening has not, however, proved to be 
detrimental to the fluorine resistance of “K 
Monel and “Z” nickel. 

All welding was done with Monel (130 X) 
electrodes. A satisfactory Heliare rod for Monel 
was developed subsequent to the manufacture 
of this original equipment. The Heliare, tech- 
nique (using argon gas) has proved superior to 


” 


the are method for Monel welding applications 
where small dimensional tolerances and good 
penetration and homogeneity were mandatory. 
When the surface of the weld has been cleaned 
and rough-polished, Monel are and Heliare weld 
sections have shown the same stability to liquid 
fluorine as has the parent metal. 

Valve —A valve, with the functional char- 
acteristics desired of a quick-opening, high- 
pressure unil, presents some difficult conditions 
for construction materials. One valve design 
which has given satisfactory service as a high- 
pressure control valve for liquid fluorine is a 


gas-operated valve utilizing spring and gas pres- 
sure to provide shutoff in the event of failure 
of the solenoid which supplies the actuating gas. 
Two critical points are the seating surfaces and 
the valve-stem packing. Complete shutoff for 
working pressures up to 800 psi has been 
achieved by seating 2S aluminum against Monel 
An aluminum insert was shrink-fitted into the 
Monel pintle to provide the seating face 

The stability of 2S aluminum in fluorine is 
inferior to that of Monel, and small quantities 
of aluminum fluoride cannot be avoided. Despite 
multiple impacts in a liquid fluorine atmosphere 
under pressures of the order of 600 psi., the 
working life of the aluminum has been sufficient 
to justify its use in view of the excellent seating 
conjunction with Monel Soft 
nickel (Brinell 90) could probably be used as a 


properties in 


seating face against age hardened “K” Monel or 
“Z” nickel. The differential hardness between 
Monel and nickel was not sufficient to yield a 
reliable gastight seal with this design. 

A Sylphon bellows of Monel was used to 
separate the secondary packing gland from the 
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Schematic View of Fluorine Tank. Inner 
vessel was made of “ A 





Fig. 2 


nickel: outer ones of Vonel 
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liquid fluorine. This single-ply bellows was 
silver soldered to the pintle and body. The 
soldered heavily nickel-plated to 
provide corrosion resistance to the liquid fluo- 
rine. 


areas were 
All traces of the organic masking com- 
pound used in the plating were removed, and 
the soldered, plated zones were carefully pres- 
sure tested prior to use. 

Subsequent to this design, a compact com- 
posed of flake graphite, powdered nickel, and 
acid-treated shredded asbestos was developed 
and found to be satisfactory as a primary valve- 
stem packing for the liquid fluorine valve. This 
compact permitted elimination of the cumber- 
some bellows and a simplification of the valve 
design. Because of its antigalling characteristic, 
This 
alloy has not been exposed to liquid fluorine. 
Its stability in high-pressure (500 to 600 psi.) 
gaseous fluorine appears equal to that of Monel. 
In most cases the presence of a thin fluoride 
Monel and “K” Monel 
attributed to circuit contaminants. 

Flowmeter 


“S” Monel was used in the piston housing. 


deposit on could be 
Precise flowmetering of liquid 
fluorine has been a prime requisite. Flowmeter 
applications provide a severe test of the physical 
and chemical stability of a construction material 
for a given working fluid. Sustained calibration 
integrity usually depends on the main- 


tenance of rather precise geometrical 


relationships between the various meter compo- 
nents. Corrosion of primary meter elements is 
a particularly unwelcome occurrence. 

A rolling-ball type of flowmeter, which has 
satisfied the unique demands of liquid fluorine 
service, is shown in Figs. 2 and 3. In prin- 
ciple, a helical motion is imparted to the fluid 
stream by the multihole orifice plate. This 
motion effects rotation of the ball element around 
the track. 
mined by the magnetic pickup working in con- 
A ball 
relatively high permeability is 
Surprisingly, a Type 440-C stainless 
steel ball gave excellent service. Over an aggre- 
gate running time of about 1 hr. in liquid fluo- 
rine at 900 to 1600 r.p.m., the weight loss for a 
l-g. ball was less than 0.25%. 


The rotation rate of the ball is deter- 


junction with an electronic computer. 
material of 
required. 


Surface deterio- 
ration of the ball, though readily apparent, did 
not have an appreciable effect on the meter 
calibration. “Z” nickel, age hardened to about 
Brinell 330, was employed for the critical orifice 
plate, track, and retainer elements. The ball 


contact lines on the track were visible. Profiles 
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Fig. 3 Liquid Fluorine Flowmeter Provided 
fecurate Metering Under Highly Corrosive Oper- 
ating Conditions. Components indicated are: (1 
Monel jacketed housing, (2) Monel outlet adapter. 
5) "2 


(5) 2S aluminum or copper gasket, (6) 


nickel ball race, 
“Z nickel 
110-( 
stainless steel ball, (9) magnetic pickup assembly 


nickel retainer, (4) “Z™ 


orifice plate, (7) Monel inlet adapter, (8 


of the running groove (taken at 32 x), however, 
failed to reveal surface deformation after a total 
period of operation (in liquid fluorine, liquid 
oxygen, liquid nitrogen, and water) exceeding 
36 hr. at 600 to 2000 r.p.m. 

The core element, subject to less mechanical 
working, was unaffected by this span of opera- 
tion. It is testimony to the stability of “Z” 
nickel in this severe operating environment that, 
after approximately 1 hr. of running time in 
liquid fluorine under an average pressure of 500 
psi., the combined deterioration of the orifice 





Fig. 4 


and track has not been apparent in 


recalibrations of this meter. 


precise 
The upstream and 
downstream adapter sections and the casing were 
made of Monel. Despite the incorporation of 
liquid nitrogen jacketing, the compactness which 
has been achieved in the construction of this 
meter is evident in Fig. 3. 


Handling Gaseous Fluorine 


The excellent stability of pure nickel and 
Monel in gaseous fluorine under conditions of 
low pressure and moderate temperatures (less 
than 700°C.) is well known. Copper, mild steel, 
2S aluminum, and magnesium suffice for certain 
applications in gaseous fluorine. The corrosion 
of these latter materials is severe in a hydrous 
atmosphere, particularly when mechanical action 
is permitted to implement the descaling of their 
inherently unstable fluoride deposits. As a 
result, the use of these metals is quite limited 
In most fluorine equipment, it is highly desirable 
to minimize the fluoride formation and provide 
the maximum safety margin for the extraordi- 
nary Nickel 
and Monel are far in advance of other materials 


conditions which might develop 


in meeting these requirements 

At this laboratory, Monel and nickel have 
been employed exclusively in the gas-phase 
between the electrolytic cell and the 


condenser 


system 
Fluorine was produced by the elec- 
trolysis of potassium acid fluoride in a 1500-amp 
Harshaw cell. The 


gaseous 


hydrogen fluoride in the 


fluorine was removed by absorption 


Flowmeter Is Compact Despite Jacketing 6 ft 


in sodium fluoride pellet columns. 
The purified gas was then directed 
to a liquid nitrogen primary con- 
denser before discharging into the 
storage tank. Monel finds applica- 
tion as tubing, filter screens, and 
thermocouple shields, nickel for the 
sodium fluoride purification towers. 

A simple globe-type valve with 
Monel pintle, 
and soft-nickel seating surface has 


a cast-nickel body, 


been used for control. By 


straining the pintle to a longitudinal 


con- 


motion, a considerable reduction in 
wear of the seating surface has been 
effected. The pressures encountered 
in this gas phase system have been 
low (less than 1 lb. gage pressure) 
with temperatures ranging from 
ambient to about 212°F. The gas 
velocity varied from zero to about 
per sec. 

For these 
packing 


Teflon 
satisfactorily. 
The packings are the only exception to the all- 


conditions, 
valve-stem performs 
metal containing system for the gaseous and 
liquid fluorine. The fluorinated plastics such as 
Teflon have proved to have somewhat restricted 
limits of applicability in gaseous fluorine and 
have demonstrated a complete inadequacy for 
service in liquid fluorine. The nickel and Monel 
equipment of this gas phase system has exhib- 
ited practically no deterioration when proper 
cleaning and drying procedures were observed 

From qualitative examinations of equipment, 
nickel and Monel have performed equally well 
under similar operating conditions. The excel- 
lent resistance of Monel to hydrogen fluoride 
over a wide range of concentrations and tem- 
peratures, in addition to the superior mechanical 
properties achieved relative to nickel, recom- 
mends Monel as a general construction material 
for gaseous fluorine equipment. The gaseous 
fluorine environments presented by the installa- 
tion at this laboratory have fortunately been 
confined to low pressures and moderate temper- 
atures. Even under these conditions, however, 
the advisability of restricting construction mate 
rials to Monel has been demonstrated 

Although the scope of these observations is 
necessarily limited (the securing of quantitative 
corrosion data has not been an objective of the 


fluorine work at this laboratory), it is believed 


that this service experience has been sufficiently 
diverse and severe to permit 


a prediction that 
these materials will find considerable use in the 
expanding fluorine technology (.) 
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Bonding of 


Titanium Carbide 


With Metal’ 


. 

Errorrs to increase the power of aircraft 
turbines have raised a number of problems con- 
cerning materials suitable for use at tempera- 
tures higher than those currently prevalent. Some 
that show considerable promise for high-temper- 
ature application in jet engines have been fabri- 
cated from combinations of ceramics and metals 
the so-called “ceramals”) by the sintering proc- 
ess. This process affords a means of producing 
compositions at temperatures below the melting 
Controlled 
powdered ceramal compact is 


point of the ceramic constituent. 
sintering of a 
generally capable of producing satisfactory 
homogeneity and grain size. However, an 
investigation of the mechanisms for alloying or 
bonding of metallic and ceramic materials is 
necessary for the maximum utilization of 
ceramals in aircraft power plants. 
Consequently, an investigation was made at 
the N.A.C.A.’s Lewis Flight Propulsion Labora- 
tory to study the bonding of titanium carbide 
with various elements, and to accumulate infor- 
mation regarding the mechanism of 
Although the conditions of this 


bonding. 
investigation 
were not directly analogous to those prevalent 
in the sintering of a body of intimately mixed 
powdered constituents, the reactions between the 
powdered elements and the solid titanium carbide 
were regarded as indicative of those between 
intimately 


mixed, discrete particles, as in a 


sintered powder body 
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Titanium carbide was selected as the 
base material for bonding studies and 
theoretical evaluations because of its 
relatively high thermal shock resistance 
(Messrs. Gangler, Robards and MeNutt 
had already studied the physical proper- 
ties of seven ceramics in N.A.C.A. Tech- 
nical Note No. 1911 


bodies of titanium carbide were obtained 


Cupped, hot-pressed 


from the Norton Co. of Chippawa Falls, 
Canada. Metallographic examinations of 
sectioned specimens were made in order 
to determine the type of bond between 
the titanium carbide and the elements. 
In those instances where the metal pellet 
separated from the cupped surface of the 
carbide during the preparation of micro- 
specimens, additional specimens were 
made and observed 

Materials —- Cupped bodies were fab- 
ricated by the Norton Co 


having a particle size of approximately 


from carbide 


» microns. A composite spectrographie chemical 


analysis of the bodies (based upon separate 


determinations by two laboratories) is 


ritanium carbide 96.50 > O86 
Trace 
Carbon (excess) 1.00 > 0.60 


soron 


Columbium 0.10 
Cobalt 0.05 
Chromium rr: 

Iron 0.01 
Nickel 0.08 
Silicon 0.30 
Titania and/or 1.00 

titanium nitride 
Tungsten 0.06 > 0.06 


wherein the values for titanium carbide and 
titania are calculated. The excess carbon, accord- 
ing to the manufacturer, appeared to facilitate 
compression of the powder. Apparent density 
measurements of the bodies averaged 4.78 g. per 
cu.cm., as compared with 4.91, the calculated 
theoretical density of titanium carbide. 
Aluminum, beryllium, chromium, cobalt, 
columbium, gold, iron, lead, magnesium, man- 
ganese, nickel, platinum, silicon, titanium, and 
selected for investigation as 


vanadium were 


bonding. agents. Elimination of other metallic 

* This article reproduces, substantially complete, 
Technical Note No. 2187 of the National Advisory 
Committee for Aeronautics. The author is research 
metallurgist in the N.A.C.A.’s Lewis Flight Propul 
sion Laboratory 





the 
availability and 
of 


elements was done 


on 


basis 


Table I — Powdered Metals 





temperature limitations 


equipment. The ones chosen 
: aes Meral 

are described in Table L. 
Apparatus and Procedure 
A muffle type of furnace Aluminum 


employing a helium atmos- Beryllium 
phere was used in fusing the 


powdered elements in the 


Chromium 
Cobalt 
Columbium 
Gold 

Iron 

Lead 


carbide cups. Heat was fur- 
nished by a graphite resistor 
The muffle was a tube about 
6 ft. long, 4 ft. 9 in. of which 


: Magnesium 
was inside the 


furnace set- Manganese 
Nickel 
Platinum 
Silicon 
Titanium 
Vanadium 


ting, whereas 1 ft. 3 in. pro- 
truded for 
The 
middle third of the furnace 
hot of 


as a cold zone 


cooling the sample. 


Was a 





zone substan- 


Puniry* 


90 
Premium 
grade 

94, 
97.5 
99, 
99.4 
98.5 


og 


99.9 
99. 


97 


98.5 


92 


FURNACE 
TEMPER- 
ATURE 


PAaRnTicLe Size ao 
. ‘ PP ‘ 
(Tyten Mesu) 


100 Charles Hardy 1300° F 


325 Brush Beryllium 2550 


5 300 

) 300 

s 400 

100 

300 

10 

Ribbon 
99.9% ; —325 

300 

100 


325 


Charles Hardy 
Charles Hardy 
Charles Hardy 
Charles Hardy 
Charles Hardy 


3000 
2800 
3650 
2050 
2900 
700 
1300 
2400 
2700 
3300 
2680 
3350 
3200 


Metals Disintegrating 
Charles Hardy 
Charles Hardy 
Charles Hardy 

Metal Hydrides 

4. D. Mackay 








tially constant temperature. 
Impurities introduced in the 
helium atmosphere were of the type common to 
controlled atmospheres at atmospheric pressure 
for sintering furnaces. 

The carbide bodies consisted of small 
tangular bricks, 
the of 


spherical depression about ', in. in diameter and 


rec- 
thick. 


the top surface was a semi- 


*s In. 


square and ' in. 
In center 
x in. deep. This cup was filled with the pow- 
dered metal to be tested, and heaped up approxi- 
mately ', in. above the top surface. A graphite 
boat, shaped to the bottom contour of the furnace 
It was 
placed in the first warm zone of the furnace at 
about 500° F. 


muffle, carried the loaded refractory cup. 


After 5 min. in this preheat, the 
boat was pushed into the hot zone. 

The temperature of the hot zone during each 
test is given in Table | and was generally about 
100° F 


ing 


above the melting point of the correspond- 
metal. While in the hot zone, the powder 
observed through a glass-covered 
When it slumped, the 
loaded boat was immediately placed in the warm 
zone near the exit 


mound was 


observation window. 
5 min., then moved for- 
ward into the cold end for 5 min. and finally 
the muffle. The flow of helium 
through the furnace was increased from 50 to 
250 cu.ft. per 


for 
removed from 
hr. preceding and during any 
operation involving opening the furnace door 
while a specimen was in the warm or hot zone. 

A diamond circular saw used to cut the cup 
across its center left a good surface, facilitating 
polishing operations. The specimen was mounted 
on bakelite and then polished on silk laps with 
diamond abrasives. A hot aqueous solution of 
potassium hydroxide and ferricyanide was used 


*As reported by suppliers, excluding occluded gases 


Scratch 
microcharacter used a 


as etchant. hardness with a Bierbaum 
g rs 
standard load of 3 g. would not visibly seratch 
of Widths of 


the scratch impressions were measured with a 


a 
load of because the 


many the surfaces investigated 
calibrated eyepiece and a microscope, resolving 
at a magnification of 2000 diameters 

The X-ray diffraction patterns of the residue 
material at the original interface between tita- 
nium carbide and the melted metal in the 
adhering specimens were photographed by 


non- 
the 
Debye-Scherrer-Hull powder method, using dif- 
ferent size that 57.3 
and 143.2 mm. The sole known pattern observed 
that of titanium 
patterns contained 


cameras is, diameters of 


was carbide. However, some 


unidentified lines 


Apparently, the titanium carbide was acquired as 


several 


a contaminant while accumulating the residue 


Results of Observations 


Nickel, cobalt, chromium, and silicon indi- 
vidually bonded with titanium carbide sufficiently 
well to withstand preparation of metallographic 
Silicon fragile 

is, they were more easily broken the 


specimens 
that 
sectioning operation than the four others. 
Metallographic conclusions were based on 
the 
A typical example 
of the internal structure of the original titanium 
carbide is shown at the bottom of Fig. 4. The 
in the 
total structure; some may be due to the excess 


How- 


specimens were 


in 


numerous observations as well as micro- 


graphs reproduced herewith. 


black spots occupy about 25° of space 


carbon shown in the chemical analysis 
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Fig. 1 Micro of Alloying Action Near Orig- 
inal Interface (Ruled Line) Between Powdered 
Nickel and Titanium Carbide Body. 750 


ever, the great majority are not voids. The 
titanium carbide matrix with nickel, cobalt, 
chromium, or silicon is shown in Fig. 1 to 4, 
respectively. Approximate location of the original 
titanium carbide surface is indicated by a hori- 
zontal line and is hereinafter termed the “original 
interface”. 

Nickel (Fig. 1) and cobalt (Fig. 2) formed 
distinct, interconnecting networks around the 
original titanium carbide grains. Nickel pene- 
trated further below the original interface than 
cobalt, as determined by numerous microscopic 
observations. Although chromium (Fig. 3) clearly 
penetrated the carbide, it did not form a well- 
defined, interlocking microstructure. Silicon 
Fig. 4) did not appear to penetrate between the 
carbide grains 

Nickel and cobalt remained as continuous 
phases down to the titanium carbide particles in 
the micrographs. Solution of titanium carbide 
was apparently followed by its precipitation, 
upon cooling, as separate particles in the nickel- 
rich as well as in the cobalt-rich zones; this is 
shown by the angular, relatively small particles. 


With chromium and silicon, new phases appeared 
to have formed adjacent to the titanium carbide. 
Hardness — The average 


Bierbaum micro- 
hardness (%-g. load) of the specimens is pre- 


sented in Table IL.* The zone rich in titanium 


*Epiror’s Norte The author writes: “The 
table regrettably has no hardness value for pure 
titanium carbide. The Bierbaum scratches were not 
sufficiently well defined to be considered as quantita- 
tive data even when the relatively high load of 9 g. 
was used.” 
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Fig. 2 — Cobal 
Carbide. ill etched with 


solution of potassium hydroxide and ferricyanide 


Titanium samples 


carbide was always harder than the element- 
rich zone. At the original interface of nickel, 
cobalt, or chromium with titanium carbide, the 
hardness values were intermediate between the 
zones on either side. Average hardness at the 
original interface was highest for the cobalt 
specimen. Surveys of the actual element ap- 
proaching the interface indicated that their hard- 
nesses were relatively constant. 


Evaluation of Observations 
bond between 
a metallic element and titanium carbide was 
the presence of a mechanical interlocking struc- 
ture or the formation of a new phase. 


The criterion of a good 


No con- 
sideration was given to the strength of the 
element. The value of an element as a binder 
was assumed proportional to the extent of pene- 
tration of the matrix by an interconnected phase 

Nickel and cobalt penetrated the titanium 
carbide along many of the grain boundaries. 
Silicon, however, did not penetrate between the 
grains to any appreciable extent. Penetration of 
chromium appeared to be intermediate. The type 
of penetration exhibited by nickel and cobalt is 
similar to one of the types described by Cyril 
Stanley Smith in his lecture on “Grains, Phases 
and Interfaces”, published in Metals Technology 
for June 1940 
sion energy is less than one half that of the 
grain boundary 


He states, “If the interphase ten- 


the second phase will pene- 
The tem- 
peratures we employed were sufficiently high for 


trate along the boundary indefinitely.” 





Fig. 3— Chromium-Rich Zone and 
Extensive Interaction With Titanium 


Carbide Below Interface (Ruled Line) 


equilibrium angles to form between phases near 
the original interface. 

Titanium carbide is soluble (perhaps to a 
limited extent) in the molten metal. This solu- 
bility is further evidenced by the presence of 
precipitates in the metal-rich zones. The fact 
that these precipitates are noncontinuous would 
probably endow a ceramal body of these materi- 
als with relatively good thermal shock resistance. 

Both chromium and silicon adhered to tita- 
nium carbide after cooling below the melting 
The amount of penetration, however, 
that surrounds the 
titanium carbide particles as thoroughly as nickel 
and 


point. 


suggests neither element 


cobalt do. Also, the absorption of either 
carbon or titanium, or both, may have formed 
continuous insoluble phases in the element-rich 
zone, Which, upon cooling, probably are not as 
ductile and thus not as resistant to thermal shock 
as a solid solution 


containing noncontinuous 


phases. This effect may have been responsible 
for the fragility of the bond between silicon and 
titanium carbide. 

The hardness readings in Table II indicate 
that the hardness of each element-rich zone was 
fairly uniform. Larger 


quantities of titanium 


Table I! — Average Microcharacter Hardness, 9-G. Load 


Fig. 4 Silicon Penetrates Hardly at All 
carbide were present in the nickel and the cobalt 
interfaces (compared with those of chromium 
and silicon), which may account for the higher 
hardness of these interfaces. 

Since the element-rich zone is softer than the 
original interface, a marked difference should 
exist in either the composition or condition (or 
both) for specimens of titanium carbide with 
nickel, cobalt, or chromium. A large increase is 
not noted for the silicon specimen. Furthermore, 
the increment in hardness between the original 
interface and the titanium carbide zone for all 
the described bonded specimens shows that a 
change in. material composition or condition, or 
both, hag occurred. 


Summary of Results 


In summary, it 
fifteen 


that of the 
nickel, cobalt, 
chromium and silicon bonded with solid, high- 
Nickel and cobalt pro- 
duced the most extensive bonds; chromium and 


may be stated 


elements tested, only 


density titanium carbide. 


silicon were less effective in and 
The 
appearance of small, angular-shaped precipitates 

in the nickel-rich and cobalt-rich 


zones somewhat substantiated the 


penetrating 


forming extensive interlocking networks. 





Zon} 


SPECIMEN 
ELEMENT 


Ricu 


ORIGINAI 


Nickel and titanium carbide 
Cobalt and titanium carbide 


620 
1,200 
Chromium and titanium carbide 760 
Silicon and titanium carbide 5,400 


10,900 
16,400 
2.800 
5.800 





INTERFACE 


premise that there is some solubil- 
ity (limited perhaps) of titanium 
nickel and cobalt at 
temperatures above their 
points 
Nickel, 
chromium 


TITANIUM carbide in 
CARBIDE 


Ricu 


melting 


cobalt, 
appear to 


13.800 and possibly 
18,300 
16,400 


17,800 


have some 
materials for 


sintered titanium carbide bodies. @ 


promise as binder 
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Researeh and 


the Pilot Foundry 


Lx THE BRONZE FOUNDRY BUSINESS, no 
less than in any other, one cannot remain sta- 
tionary. There must be the desire for improve- 
ment, no matter how high a standard may have 
been established. As a matter of fact, the defec- 
live castings —- occurring as they do in all found- 
ries — are a constant reminder of the need for 
finding the cause and a remedy for such rejec- 
tions. Such matters require research 

In a small foundry this may mean the try- 
ing out of an idea along with the regular day's 
In the 


larger foundries, anything that interferes with 


work, or after the regular day is ended. 
the production line is anethema. Especially is 


this true in “production foundries”, that is, 


foundries where the work is of a repetitive 


nature. Not only does this cut the tonnage, but 
the nerves of the workers, molders, foremen, 
and superintendent alike are irritated — and this 
again acts like sand in a bearing, to the general 
detriment. 

It is, however, in these production foundries 
that improvement and therefore research is most 
necessary. 

The answer is a pilot foundry 

In its simplest sense this means an area 
apart from the regular foundry where an ele- 
mentary foundry can be housed, together with 
the minimum of personnel. Nevertheless, such 
personnel and equipment must be of the highest 
caliber if the best results are to be obtained. 

Such a pilot foundry might have a floor area 
of about 20x 75 ft. or 1500 sq.ft. It should be 
well ventilated and well illuminated. One third 
of the area should be partitioned off for office 
and records. It is assumed that a chemical and 
physical laboratory already exists elsewhere and 
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is available when required 
The essential equipment would 
be a melting unit, a standard 
flasks, 


wall pyrometer, steel 


molding sand, core sand, a 
small core oven, and a mold- 
er’s bench. 

Further, a machine of suf- 
ficient capacity to break any 
ordinary 200-lb. casting should 
be included, as well as a small 
metal band-saw, and a simple 
hydraulic machine capable of 
1000-psi. water pressure suited 
to test pressure cylinders 4 in 
diameter and 6 in. long. 

Also necessary is a small but efficient fume 
cupboard for deep etch tests — that is, the boil- 
ing of bronze in a mixture of nitric and hydro- 
chloric acids for 10 min. The hot plate will 
require either electricity or gas. This fume cup- 
board should be in the pilot foundry, not in the 
chemical laboratory. The office equipment should 
include a good typewriter with a wide carriage 
to facilitate the typing of large data sheets, a 
steel file cabinet, and a modern desk 

The most expensive piece of equipment in 
the pilot foundry, but at the same time the most 
essential, will be the melting unit. So many 
foundry problems involve gassy and dirty metal, 
that the pilot foundry must be able to melt metal 
as free as possible from gas and dirt. These 
requirements are best met by the high-frequency, 
lift coil melting unit. The capacity of the cru- 
cible should be 200 Ib. of molten bronze, and 
the melting time about 25 min. or less. In these 
days of rapidly changing prices one can only 
say that the cost of such a melting unit, installed 
complete, used to be in the neighborhood of 
$20,000. Notwithstanding its high initial cost, it 
is the writer’s opinion that it can be fully jus- 
tified by its contribution to the solution of 
research problems. 

The minimum personnel required is one 
qualified metallurgist thoroughly experienced in 
foundry procedure, a junior assistant, and an 


intelligent molder who is capable of making 


cores and melting and casting metal. Of course, 
the metallurgist of the pilot foundry might also 
be the plant metallurgist. 

Economics -- The saving in dollars that can 
reasonably be expected, based on the magnitude 





of the foundry’s operation, must considerably 
exceed the total expenditure of the pilot foundry. 
This figure of “expected saving” or “cost reduc- 
tion” must always be the controlling factor for 
the amount to be invested in the pilot foundry. 

The capital investment might be something 
like $25,000, which at 5% 
annual 


would give $1250 as 


interest charge. If the cost is to be 
amortized in 10 years, the annual write-off is 
$2500. The including rental of 
foundry space, power, sundries, wages, might be 


$20,000. Total is $23,750 


running cost, 


say $25,000 in round 
numbers, 

A foundry whose percentage of unsalable 
castings, figured against all castings originally 
higher than a reasonable norm, and 
whose production is, let us say, 15,000,000 Ib. 


made, is 5‘ 


annually, would have as an objective the saving 
of 750,000 Ib. of castings. Assuming that these 
rejections had cost 12¢ per lb. including their 
proportion of the total cost of doing business 
(the metal, less its melting loss, is recoverable), 
the possible savings would be on the order of 
90,000, to which should be added the loss of 
profit had they been salable, and possibly a 
further amount if many of the castings had been 
machined before rejection. 

On the 


would 


foregoing basis the pilot foundry 


justify its existence if it reduced the 
amount of defective castings by only 142%. At 
the same time it would have added to prestige, 


for the sales department is not likely to be slow 


The Birth of 


In answer to The Editor's request for information 
on the development of the S.A.F. 4340 steel, Harry W. 
MeQuaid, consultant, of Cleveland, sent us the follow- 
ing story 


N 1927 the General 


Division, 


Motors Truck and Coach 
Mich., 
special magnetic brake which would stop a coach 


Pontiac, was developing a 
more quickly and smoothly than anything then 


available. However, the retarding torque it 
applied to the rear axle driveshaft was so severe 
that the spline segments would break out at each 


These measured about 242 in. 


square by 4-in. long splines. 


axle at the root 
The 


steel used was S.A.E. 3240 openhearth grade 


of the 42-in 


which was not held to any grain size specification. 
After receiving from the bus manufacturer 
much caustic criticism of axle quality, H. W. 


Alden, then chief engineer of Timken-Detroit 


in publicizing the pilot foundry as an asset, 


particularly in developing the new ideas of 
customers. 

The pilot foundry should be responsible to 
the president or managing director of the com- 
pany, not to the foundry superintendent, because 
new ideas may be sent in for consideration that 
may or may not become a part of production, 
Further, one of the main justifications for the 
pilot foundry is to release the production line 
from the operations of applied research. 

Such a pilot foundry would primarily con- 
cern itself with the following problems: 

1. Can better sand be secured for the pro- 
duction foundry? 

2. Can the core mixes be improved? 

3. Can the melting practice be improved? 

4. Can the gating of difficult castings be 
improved? 

». Can more efficient grouping of patterns 
on a single plate be devised? 

6. The setting up of a correct procedure for 
handling new patterns 

The following slogan might well be written 


in large letters, framed and hung in the office: 





A DOLLAR SAVED IS A DOLLAR EARNED 
—BUT ONLY IF THE COST OF THE 
SAVING IS LESS THAN THE DOLLAR 











S.A.E. 4340 


Axle Co., 
metallurgist, that he would call up in five min- 


advised the writer, who was chief 


utes for a steel analysis and treatment to get us 
The writer, together with O. W. 
McMullan, now chief metallurgist at Bower Roller 


out of trouble 


Bearing Co., made up a specification which was 
hoped would reduce the spline failure to a com- 
mercial limit 

The carbon limits were not changed, but 
the 0.90 to 1.10° chromium of the 3240 was 
reduced to 0.60 to 0.800 while the 0.30 to 0.60% 
manganese was increased to a range of 0.60 to 
O80. 


what we considered to be its adverse effect in 


The chromium was reduced because of 


the upper range on the transverse impact value. 
This effect was quite marked in steels which, 
as was usual then, were not 
aluminum. The increased 
because we thought that in the lower ranges it 


deoxidized with 


manganese was 
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was the most important factor in depth of hard- 
ening (or “response to quenching”). 

There such a marked 
between the response of the 0.30% 
S.A.E. 3240 steel and a 0.60% manganese steel 
that they could hardly be considered as being 
of the same type. 


was difference 


manganese 


The lower manganese type 
was considered especially subject 
with 


to banding 
properties. 
This was another factor in bringing it up to the 
0.60 to 0.80% range where its effect was definite 
on reducing banding. It was also felt that the 
higher manganese was beneficial in the melting 
to insure good bath action and cleaner steel. 
Molybdenum added to improve the 
response to quenching and to obtain a 
uniform martensite with less free ferrite. 


consequent poor transverse 


was 
more 
It was 
our belief that the molybdenum tended to sim- 
plify the heat treating by permitting a longer 
time between the removal from the furnace and 
immersing in the quenching oil. 
important factor in quenching in open tanks 
from oil-fired oven-type furnaces. 


This was an 


The object 
was to prevent any free ferrite formation in the 
as-quenched martensite in the highly stressed 
surface zone of the shafts. We decided that if 
0.15 to 0.259 molybdenum could be so benefi- 
cial in the S.A.E. 4130, then 0.30 to 0.40% 
molybdenum should be better. 

At that time a specification for grain size 
was rare but in view of the need for the highest 
transverse impact values it advisable to 
specify a fine grain type and electric furnace 
melting. 


was 


The higher manganese, the lower sul- 
phur which was characteristic of the Timken 


electric furnace bearing steel practice, and the 
better balance with the lower chromium range, 
would give to the 1.60 to 2.00% nickel steel a 
response to quenching which was expected to 
be high indeed. fine- 
grained type this analysis should insure the 


When combined in the 


highest possible transverse impact value at the 
finished hardness of 379 to 405 Brinell. 

Mr. Alden called the Timken Roller Bearing 
Co., and steel for an ingot was made in their 
special test furnace of our modified S.A.E. 3240 
This was entered on our laboratory records as 
$3240, meaning S.A.E. 3240 plus molybdenum 
The first blooms rolled were badly flaked so 
another ingot was made which was pit annealed 
sent to 
into 


in the blooms, rolled into billets, and 
Detroit. billets 
shafts, annealed, machined and heat treated to 
379 to 405 Brinell. 


eral Motors proving grounds for test and when 


These were forged axle 


Two were taken to the Gen- 


the special brake was applied stood up without 
a sign of trouble, although all the rivets were 
stripped in the ring gear. 

As soon as the test results were known, the 
S.A.E. 3240 specification 
Timken 43240 number and in a year or two the 


was changed to the 
S.A.E. 3240 dropped out of the picture in favor 
of its direct descendant known as S.A.E. 4340. 
An effort made several later to 
improve on the S.A.E, 4340 but with little or no 


success. 


was years 
Although the specification was made 
up in less than five minutes, S.A.E. 4340 gives 
strong indication that inspiration comes even to 
metallurgists if the pressure is high enough! 
H. W. McQuaip 





[JN ACCORDANCE with the 
constitution of the American 


Purdue 
Ind. 


Nominating Committee 


University, 


Lafayette, and Development Dept., Worces- 


ter 6, Mass. 





Society for Metals, President 
Water E. Jominy has selected 
a nominating committee for 
the nomination of president 
(for one year), vice-president 
(for one year), treasurer (for 
two years), and two trustees 
(for two years each). This 
committee was selected by 
President Jominy from the list 
of candidates submitted by the 
chapters. The personnel is 


Kant L. Ferrers (Mahon- 
ing Valley Chapter), Chairman; 
Special Metallurgical Engineer, 
Youngstown Sheet & Tube Co., 
Youngstown, Ohio. 


George M. Enos (Purdue 
Chapter), Chemical and Metal- 
lurgical Engineering Bldg., 


M. L. Frey (Milwaukee 
Chapter), Allis-Chalmers Mfg. 
Co., Milwaukee 1, Wis. 

F. T. McGuire (Tri-City 
Chapter), Deere & Co., Mate- 
rials Engineering Dept., Moline, 
Il. 


J. C. Neemes, Jn. (North 
West Chapter), International 
Nickel Co., Northwestern Bank 
Bldg., Minneapolis 2, Minn. 

S. R. Prance (Dayton 
Chapter), Inland Mfg. Division, 
General Motors Corp., 2727 In- 
land Ave., Dayton 1, Ohio. 

R. B. ScHenck (Saginaw 
Valley Chapter), Chief Metal- 
lurgical Engineer, Buick Motor 
Division, Flint 2, Mich. 

L. P. Tarasov (Worcester 
Chapter), Norton Co., Research 


F. M. Watters (Los Alamos 
Chapter), P. O. Box 1663, Los 
Alamos, N. M 


THIS committee will meet 
during the third full week 
in the month of May. It will 
welcome suggestions for candi- 
dates in accordance with the 
© Constitution, Article IX, Sec- 
tion 1 (b), which provides 
that endorsements of a_ local 
executive committee shall be 
confined to members of its local 
chapter, but any individual 
member of a chapter may sug- 
gest to the nominating commit- 
tee any candidates he would 
like to have in office. Endorse- 
ments may be sent in writing 
to either the chairman or any 
member of the committee. 
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Origin and Use of 


Clad Steel Plate’ 


Ly THE DECADE of World War I, the petro- 
leum, paper, and chemical industries became 
acutely conscious of the need for better mate- 
rials of plant construction to prevent its corro- 
sion and the corresponding contamination of 
product. Metals and alloys were sought that 
possessed the desirable combination of corrosion 
resistance, high strength, ductility, relative ease 
of fabrication and reasonable cost. Obviously 
this was a large order, since no known material 
offered universal resistance to chemical attack. 
Likewise, if any one showed particular promise 
in a general way, it lacked one or more of the 
other essentials —— physical properties, formabil- 
ity or price. 

While steelmakers could accomplish excel- 
lent physical and mechanical properties, at a fair 
price, by a combination of the basic elements 
added to carbon and low-alloy steels, such metals 
still remained vulnerable to corrosive attack 
even by the atmosphere. As we now know, con- 
siderable quantities of costly alloying elements 
are needed to produce a corrosion resistant steel. 
Even after the invention of the so-called stain- 
less steels, there seemed to be no commercial 
method of solving the cost angle. Meanwhile, 
the manufacturers of certain industrial chemi- 
cals, notably caustic soda, dangled attractive 
prospective purchases of such a material in front 
of the steel mills’ sales and development men. 

Caustic soda in low concentrations can be 
transported in tank cars made of carbon steel 
with no serious deterioration of the tank; but 
unfortunately to do so the shipper must pay a 
high freight rate on a lot of water. In addition, 
the caustic dissolves enough iron during trans- 


portation to discolor the liquid. This results in 


By William G. Theisinger 
Regional Manager of Sales 
Lukens Steel Co. 
Houston, Texas 


further processing at its desti- 
nation or else the chemical 
must be sold as a second-grade 
limited in 
The answer to this spe- 


material, 
tion. 


applica- 
cific corrosion problem was 
found to be tankage of com- 
mercially pure nickel, but the 
ratio of 
solid nickel tanks was too high 


dollar per ton-mile 


for economical transportation. 
from 
further study, that any corro- 
sion resistant metal or alloy, 


It became evident, 


solid, would be too costly for tonnage appli- 
Researchers then turned their efforts 
toward a method of combining several metals 
physically. Nickel plating of a carbon steel tank 
was not long considered, due to the acknowledged 
porosity of such a coating. 


cations. 


The use of an inter- 
mediate layer, like copper, between a nickel plate 
and steel backing might be more harmful than 
iron in the solution, should it be attacked by the 
caustic, if this chemical were to be used in the 
manufacture of rayon. Plating serves well in 
many fields; but, in the processing industries, 
a heavy, impervious coating is indispensable. 
The evidence strongly suggested a 
nickel joined securely to carbon 


as the best possible solution. 


rolled 
sheet steel 
To develop this 
conclusion into a commercial product, in 1926 
Lukens Steel Co. and The International Nickel 
Co. combined their research staffs and facilities 

The history of metals reveals the use of 
bimetallics since ancient times. Those composite 
metals had, for the most part, been employed 
for decorative articles in the home, although 
agricultural implements like plowshares and 
weapons had been made from them, wherein the 
brittleness of a hard surface was supported in 
its resistance to shock by a ductile material 

Bimetallics, of more modern usage, were 
usually joined by forging the heated metals 
together, which proved to be satisfactory for 
small parts. However, the making of shell plates 
and heads for a tank 8 ft. in diameter and 30 ft 
long presented an entirely different set of con- 
ditions. Laboratory samples or the product of 
a forging hammer, no matter how large, would 

*From Sauveur Memorial Lecture, given before 
the Boston Chapter ©, April 6, 1951. 
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not suffice for a railroad tank 
ear. This proposition assumed 
even greater magnitude when 
material was suggested for 
huge oil reactor vessels, 26 ft. 
in diameter and 77 ft. high, 
made with 1',-in. shell plate. 

It is interesting to 
that the tank car and the oil 


note 


reactor exemplified 


the two 


generally 
major corrosion 
resistant requirements for 
pressure vessels. The tank car 
had to be built of a material 
that would not dissolve into 
in this case caus- A* 
ing little damage to the vessel 
itself, but 
effect on the contents. 


the liquid 


Pa., W. 
having a_ serious 


reactor vessel must be fully 1950. 


protected from the severe 
attack induced by the 
sulphur oil 


high 
being processed. 
These two corrosive conditions 
appeared jointly to varying ex- 
tents in many other industries, which he 


such as the making of soap, 


William G. Theisinger 


regional manager of sales for 
Lukens Steel Co., Coatesville, 
G. Theisinger has super 
vised Lukens district sales activi 
The oil ties for 12 southern states since 
Prior to his appointment of nickel.) 
he was manager of technical sales. 
He joined Lukens in 1935 as a 
welding and metallurgical engi 
neer, becoming director of welding 
research in 1941. 
from Harvard University 
received the degree of 


Doctor of Science. Dr. Theisinger 


tion, that is rolled to slab form 
in a conventional rolling mill. 
This rolled slab (for example, 
9 in. thick, 8 ft 
becomes the backing 


long and 5 ft. 
wide) 
material of the sandwich or 
assembly. Its top surface is de- 
scaled and scrubbed to remove 
any foreign impurities. Two 
such slabs are so prepared and 
placed alongside each other. 
Using the production of 
stainless-clad steel as an illus- 
tration, a 1-in. slab of stainless 


A.LS.1 


placed on each of the cleaned 


of the desired type is 
carbon steel surfaces. (Its under 
side had been previously plated 
thick 
Then a paste-and- 


with a moderately layer 


powder mixture known as a 
parting compound is spread 
over the top surfaces of the 
He graduated stainless slab. 


from These two units are now 
placed one on top the other, so 


that the full assembly or sand- 


the fermentation of beer. 


- — i has also helped the N. Y. ¢ ity 
CUCHECAIS, ain Board of Transportation develop 
welding inspection, and Western 


bimetallics in Pipe & Steel Co., San Francisco, 


wich is made up of a 9-in 


carbon steel slab on the bottom, 
thick, 


a stainless plate 1 in 


actual plate form (soon to be as consulting engineer on auto 


called “clad steels”) were pro- matic welding. 
duced in 1928, and commercial 
Nickel 


metal to be 


plates and heads were in service by 1920. 


was the first corrosion resistant 


bonded to carbon steel at the Lukens 


followed soon by Monel and Inconel. 


plant, 
Practically 
all the varieties of stainless steels are now used 
to make these composite plates, as well as silver, 
copper and aluminum. Other combinations, such 
as tantalum clad and Hastelloy clad, are under 


active research at the present time. 


Vanufacturing Practice 


Manufacturing procedure is essentially the 


same for all the clad metals, with obvious 
changes or precautions dependent upon the basic 
characteristics of the various alloy materials. 
While many different methods of covering one 
metal with another have been used in the last 
20 years, the so-called “sandwich” process pro- 
duces a material well suited to the requirements 
of production, fabrication and service. 

The basic metal is an ingot of carbon steel, 
selected from an appropriate A.S.T.M 


specifica- 
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the parting compound, another 
piece of stainless, and on top of 
all is a 9-in. slab of carbon steel 
Steel bars are placed around this pack, adjacent 
to the edges of the stainless slabs, and the whole 
assembly is welded together. Its total thickness 
is approximately 20 in. 

The sandwich, now resembling the shape of 
an ordinary ingot of steel, is heated in a soaking 
pit to 2300 to 2400° F., and soaked for many 
hours to assure uniform temperature throughout. 
The white-hot slab is rolled in the 206-in. mill 
at Lukens, which furnishes the pressure needed 
to bond the stainless cladding to the carbon steel 
As a finished plate 430 in. long, 150 in. wide and 
1 in. thick can be produced from this pack on this 
mill, obviously the sandwich is cross-rolled 

After cooling, the edges of the pack are cut 
off with an oxy-acetylene flame, inside the welds 
that had been made previously to hold the pack 
together. The two clad steel plates can now be 
separated and each trimmed to size. If required, 
they may be heat treated in accordance with 
need. They are then descaled in sodium hydride. 
All this seems reasonable and straightforward, 


as it should be for a (Continued on p. 708) 





Underground and surface ORE MINED (yearly average—millions of tons) 


~_ poten wat PITTA Ys , 
eer y Sty ee 


4 
by Or ae 
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UNDERGROUND ORES 


Underground for Defense 


... started more than 10 years ago 


STRENGTH...military and economic 
... depends on productivity. And pro- 
ductivity depends on men who have 
devoted long years to their specialized 
chosen field of endeavour. 


Such men with “know-how” mine 
nickel from the rocky rim of Ontario's 
Sudbury Basin... 


By increasing output with maximum 
speed and drawing on reserve stocks 
of nickel previously accumulated, they 
helped raise deliveries of nickel in all 
forms during 1950 to 256,000,000 
pounds ...a record for any peace-time 
year. 


This record, 22% greater than the 
209,292,257 pounds delivered in 1949, 
was no accident... 


In 1937, INcO launched a vast long- 
range project which now makes it pos- 
sible to meet the military requirements 


THE INTERNATIONAL NICKEL COMPANY, INC. 


of the United States, Canada and the 
United Kingdom. In addition, nickel 
deliveries are being made to govern- 
ment stockpiles and the balance of the 
supply is being rationed among civil- 
ian consumers in all markets through- 
out the free world. 


Since the inception of International 
Nickel, its fixed policy has always been 
to increase the supply of nickel. To 
meet today’s needs, INCO went under- 
ground years ago. 


Anticipating the eventual depletion of 
Frood-Stobie open pit surface ores, 
more than 10 years ago, INCO em- 
barked on a program of replacing open 
pit with underground capacity. This 
required extensive enlargement of 
underground plants, development of 
new methods of mining not previously 
undertaken and the revamping of 
metallurgical processes to cope with 
difficulties in ~ecovering nickel from 


the new types and lower grades of ores 


which have to be reached. 


Major expansion in output of nickel 
from underground operations is being 
driven to conclusion with utmost 
speed. There is still much construction 
to be done and a number of mining 
and metallurgical problems remain to 
be solved and tested in actual opera- 
tion. Barring unforeseen interruptions, 
full conversion to underground min- 
ing should be completed in 1953. 


When the present undertaking is com- 
pleted, Inco will be able to hoist 
13,000,000 tons annually, and the size 
of its underground mining operation 
will surpass that of any other non- 
ferrous base metal mining operation 
in the world. 


This underground expansion is being 
completed by INCO without interrupt- 
ing current production of nickel, which 
iS at Maximum Capacity. 


67 WALL STREET 
NEW YORK 5, N.Y. 


May, 1951; Page 672-A 





1-729 eo 2166] Avy Swoeys vim ssastosg porj, 





mae F Jui 2OUOW Ss ‘ wobosje, pesajue>-Apog si SY ov0boxrey 
Br! o 66) % ) O)2y VOSIIM SY B *PUNN 246 
66! WSY * Sholry wouwnyjy 40 Absm)/OjeW 102/84Ud, 8 puowoig 2qNn> $8) 0060448, pesejuer- e204 $1 ‘ D1QND Pes0jUe2- 0204 
OG6! ‘IE 19A MONON Lis YORseUY oy), *Z 
1 "@e6i 6i ¥ 104 ‘A1@1205 jOAON Oyj 40 SBUIPee20sg ‘AsOyjoy Ow M PUO VOrY fH 9 M*QWOYsONIIO S$! jou0bo.je, & 2909 pesajuer-Apog 
28) 2 ‘OS6! ‘BB! MA" I WI YY ‘SuoN20Su0s, ‘vOwsNOY yy PU VOp10D g 
68r 2 ‘OSE! 1sNBNYy ‘Sjojaw jo B74 @ys 40 jousnor ‘vewbosyg 9 


s Ospeyoqwoyy edwis s (OU0bOxe} Peyr0d - eS0/D $ q@na 
t 
££6 2 'OSE! ‘BRI 1OA IW y ‘SuON20SU0s, ‘2101, 94 puo Aysmoyosjeig g ‘UI0Q IF € 
2 
1 





r r 

686 > 2 2@/0U0W Ad RZG) |S eS9 8666) &22t I ’ 
PE) * wnuwnyy so AydosBojojay, ojj0puow 47 

Br6! ‘YOOQPUOH SIIeW WSY 


$02U0/0;0y 99 $66| 622 Pol+ 


| 2095S g os o2> | 905 © 9Pe0e 


20j1400 «0 ‘21j20j0U0W « Eis ’ 460 960% 


912 4ze 


00% 





PN iv ce vers | Vit £00 
4d*iv| 810i |e es9 | $1040? 
+ + 


#9" 1v|S00K"'9 | ¢ 1] 2¢9 | | P6b SBSb 2128/0U0W UW % ¢) 





id tv} O94 ‘a o¢9 ic 7 Breol 01S b ‘91S & 09 


(208% 'BISEZ ‘28659 In *1v| See ov'9 ozo zoe 





09 *1v| ¢e6'd 2s9 
ore ‘6S%) ‘OB as*iv| 091i ss9 ) 4 ez 0'€ 
Ores ‘S2Sz‘ser9 un] O12] sesgw ; F 2¢ 0d" 6662 
. | *a:4iv| s6e 129 : 909 2262 G20 1° OlPOe 
[Ses 4iv 6s9 6ec6e 6892 88 10 O9E0'P 
*s#iv| 096 | ori ese 





sol See 
6 ¢ " ” ; 
n*ivioez'¢ | 2011 Ste 





m*iy| 469°2| OF9 , } ] TT W% @ 221% 
ow Siv onze) ses : ; 964 1980% | 6b! 


= 





_+4 





(2e009<) SB 10 SpeOe 2iGE 





dp2i'isee ‘e66i| [) | 404w| 0123! pez 199w| ¢S @ L£60% 
bielG*D 9626 | ri 2s9"w 
/ } E £19}: OSO!| & BI TZ $9 so 0620¢ | 
Rene ie 
IEP SEO | SIS 


O02 © firOer 


£9°¢ | | 4,002! S92 

co's T 
86 We 
998 2205 
rece 220g 


+4 





1-O0€9 puo 
8/ 0 19 SOPOe 
——— 





=z 


4 
Ss 


£6 1/2 2800 


= 
be 


T 
MNS SAID BIB Sig 


| 
+ 





9 


q 


Y 


% 10 juojsuoD 
@214407 


% iO juDjsUu0oD 
2214407 


OjsAs 


Siu XM 
SJUDj{SUO 921jj07 


suun xX 
SjUOjSUOD 3214j07 














a1ajay 


| suewelz 
| burhoniy % | 








asNINUS 
pOjSAs9 

asNj INS 
OjSAs 


du 





























Sjuaweaz 
Sjuawe/zZ 


i 
‘a 














D/DA Burhojiy 
puo dnos9 
puo dnoi9 





@S04Yqg Punr2aS INIBINFZ Ajinignjos pijos 


se 
| 
| 





S@IUAIBsOY 
a2u0j0A Bulhojjiy 


Qu 





@4NjINAS 


@S04g puorzas INIaINFZ AjipiQnjos pijos 


@ 





















































I 


[P440Py °C Aq papidwoy “4OST UBY} Jazve17 a1B LIPBl DIWOJE Ul SADUATAYIP B1OYM “SUOIPN[OS pros 
jo UOTPBULIO; 10 alqeioanjun SuBoOU () ,AO}PBY 92 dapuy ‘GLO 


AOU ATVI, Qory-wnunyy 











appy Landing Insurance... 





STEEL DISCS ADD LIFE 
TO POPULAR HYDRAULIC AIRCRAFT BRAKE 


It takes a lot of stopping to halt 70 . discs. When pressure is applied, the 
tons moving at a speed of 100 miles discs are compressed together. The 
per hour. Consequently, aircraft friction results in braking action 


brakes must be tough. Among the 
The steel used in the brake discs 


aaleLtMem Sv Abiatticlale Minia-leal-laleleltL-mutel olde! 


toughest is the hydraulic disc brake 


Basically, the disc brake is composed 
Y P sive action even when they get hot 


Ola -we olae] 4-Mmaalelalthiclaitlc-1aue ilale matt 


best steel 9 'sY-MislalelgelaMasi a svola Metta] s) 
non-rotating. The second set rotatgs steel. It resists friction wear at high 


with the: wheel. The rotating discs heats and doubles the life of the 
old Mell -laaloli-to Mud Miil-Malolabcetioliiate brake. 


of two sets of discs, one of which is 
[ole ¢-1o MR (eM ial-Mm olde] ¢-Mealel TTC Mielale METS 


"Specialists in STAINLESS, ALLOY, COLD ROLLED AND COATED Strip 


DISTRICT SALES OFFICES: Chicago, Iil., Cincinnati, O., Dayton, O., Detroit, Mich., indianapolis, ind., Milwovkee, Wis 
New York, N. Y., Philadelphia, Penna., Rochester, N. Y., Los Angeles, Calif., Son Francisco, Colif., Montrea!, Ove., Toronto, Ont 











Is YOUR laboratory 
Ca potential bottleneck? 


~. = RE’S a complete line of Bausch & Lomb precision 


\e RESEARCH METALLOGRAPH-— See it. 


instruments to help you keep pace with capacity produc- 


tion.. 


. to give you increased speed, accuracy and simplic- 


ity in research and quality control. 


.. photograph 


it... four ways! Four different accurate images of the 


same sample, for more complete identification. Exclusive, 


patented B&L features permit critical work with bright 


field, dark field or polarized light . . 


. with quick, 


easy change-over. For phase contrast work B&L 


accessories are simply, speedily attached. 


“maximum use” 


The Fr ~ 


instrument for visual observa- 


tion and photomicrography. Catalog E-240. 


\ Jp / pHoromicrocrapnic 

\/ EQUIPMENT MODEL L— 
With proper accessories 
this one unit provides vis- 
ual microscopy, high and 
low power photomicrog- 
raphy, as well as photo- 
copying. Catalog E-210. 


\¥/ Bausch & Lomb 


CM METALLURGICAL 
MICROSCOPE — For examina- 
tion of opaque objects, 
polished metal  speci- 
mens, similar materials. 
Catalog F-223. Tri-Vert 
Illuminator (optional) 
provides bright field, 
dark field, or polarized 
light. Catalog D-108. 
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NEW! BALPHOT METALLOGRAPH—A// neu 


STEREOSCOPIC WIDE 
FIELD MICROSCOPES —Inval- 
uable in preparation of 
polished metal  speci- 
mens, study of fractures, 
porosity, macro-etched 
specimens and other low 
power metallurgical 
studies. Catalog D-15. 


de- 
sign! The economy of limited capacity 
instruments, with bright field, dark 
field or polarized light and phase con- 
trast... and many other performance 
advantages of the highest-priced metal- 
lographs. Quick-action stage elevating 
device eliminates 
New projects bright, 
magnified screen images... 


coarse adjustment. 
Magna-Viewer 
ideal for 
grain size determinations and group 


viewing. Catalog E-232. 


WRITE for complete information to 
Bausch & Lomb Optical Co., 638-5 
St. Paul St., Rochester 2, N. Y. 


Equipment 








Variables Encountered 


in Tracer Experiments 


in Metallurgy 


Raptoactivrry is of interest to metallurgists 
principally as a tool to be used in solving some of 
its problems. This tool, tracer analysis, has been 
applied in the field of physical metallurgy in 
several different ways,' notably to determine 
diffusion coefficients in various systems,? and to 
measure the rate of oxidation of copper.“ (Refer- 
ences will be found on p. 680.) In the pyrometal- 
lurgical field it has been used to determine the 
amount of various forms of sulphur (whether 
organic, pyritic or free) removed during the pro- 
duction of coke.* In the mineral dressing field, it 
has helped to determine surface area of solid par- 
ticles, and at present the reversibility of certain 
reactions as well as the affinity of mineral sur- 
faces for special collectors are being investigated 
These are typical problems which can be 
solved by tracer analysis. However, since each 
application of this unique method of analysis 
requires modifications to fit the experimental 
conditions, a general understanding of the field 
of nuclear physics and chemistry is necessary 
A brief review will therefore be presented. 
Radioactivity arises from the emission of an 
alpha or beta particle, a gamma ray,* or a com- 
bination of either particle with a gamma ray. 
Radioactivity results from the disintegration of 
the nucleus of an atom. of the 
artificial isotopes are either beta emitters or 
gamma emitters (or both), 


Since over 95% 


these are the types 


By C. Dean Starr 
John R. Lewis and 
Thomas J. Parmley* 


University of Utah 
Salt Lake City 


that are now most commonly 
employed for tracers. The 
various methods by which 
atoms can disintegrate are 
inconsequential; the impor- 
tant fact is that disintegra- 
tion occurs and any inherent 
atomic instability has no 
effect on the physical and 
chemical properties of that 
atom before it disintegrates.® 

In order to determine 
the magnitude of the varia- 
bles encountered in a tracer 
analysis, we conducted a 
series of diffusion experi- 
ments by plating radioactive 
cobalt on cylindrical steel 

samples. 

The isotope used in the present investigation 
was Co which was prepared by deutron bom- 
bardment of Co in the 60-in. cyclotron at the 
University of California. The radioactive element 
was converted to cobalt sulphate and diluted so 
that its activity was 750 microcurie units. (A 
microcurie is the amount of material which dis- 
integrates at the rate of 37,100 per sec.) 

A suitable electrolytic solution was prepared 
of 60 g. nonradioactive cobalt sulphate, 7.5 g 
ammonium chloride, 7.5 g. boric acid and 500 ml. 
distilled water, to which was added six drops 
(19 drops=1 ml.) of the radioactive cobalt 
solution, as received The cell was operated 
under the following conditions 

pH of solution 5.3 

Current density 0.07 to 0.11 amp. per sq.in. 
30 to 40° C, 

Cobalt sheets 


Temperature 

Anode 

Cylindrical steel samples, used as the cathode, 
were then electroplated and heated for various 
1830° F. (1000° C.) 


times at Thin concentric 


*Dr. Starr is now in the department of metal 
lurgy, University of California (Berkeley), Professor 
Lewis is head of the department of metallurgy, and 
Dr. Parmley is professor of physics at Utah. 

‘An alpha particle is a helium atom stripped of 
its external electrons, Beta particles are high-velocity 
electrons and positrons emitted from the nuclei of 
atoms. Gamma rays are photons (quanta of radiation) 
of high energy. 
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layers were then removed from the steel cylinder 
and the turnings used to investigate the variables 
listed below. 
Variables Affecting Experimental Procedure 
The number of variables to consider depends 
upon whether an absolute or 
desired. 


relative value is 
Fortunately, many of the metallurgical 
applications can be determined by using relative 
values and under these conditions the following 
variables determine the experimental procedure: 

Apparatus and its calibration 

Background 

Statistical fluctuation 

Half-life of isotope 

Condition of sample 

Sample form: 

a. Solid angle or geometry 

b. Absorption 
7. Coincidence counting 

Apparatus and Calibration 

we used is shown in Fig. 1 


The apparatus 
It consists of an 


Fig. 1 
SCALING Circurt 


Lead shield I 


I. Neon tubes 
Aluminum casting I. 
J. 


Voltage regulator 
Magnetic counter 
Automatic timer 


Geiger tube d 
Geiger tube 

» Shelf 

F. Shelf in place 

G. Sample 


in place 


aluminum-lined lead housing containing the 
Geiger tube and a series of aluminum shelves to 
support the samples. The tube D is coupled to 
an electronic scale-of-64 circuit to resolve and 
record the activity of each sample. To increase 
the number of counts which can be recorded, a 
magnetic counter was connected to the output 
circuit of the last neon tube and consequently 
it registers in multiples of 64 counts. A timer, 
accurate to 0.01 sec., completed the group. 
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The tube is a standard, end-window Geiger- 
Miiller type consisting of a conducting cylinder 
along whose axis extends a fine tungsten wire 
(0.2 mil diameter).? It is filled with a mixture 
of argon and ethyl alcohol gas under a pressure 
The front end is 
sealed by a thin mica window which can admit 


of about 100 mm. of mercury. 


beta and gamma particles. 
This apparatus is calibrated by 
standard 


placing a 
with 
strong emission (such as a compound containing 
uranium) under the tube and recording the 
number of counts per minute when different volt- 
applied to the tube. Resultant plots 
would look like Fig. 2, in which curve No. 1 is 
just after the tube was put into service, while 


sample of a long-life isotope 


ages are 


No. 2 is after the tube has been extensively used. 
The flat horizontal part is termed the “plateau”; 
since counts per minute do not vary with voltage 
on the plateau, it is the most suitable range for 


Geiger Counter With Housing (at Left) and Scaling Equipment 
1 HOuUSsING 2 


operation As the 
plateau 


tube becomes older, the 
shifts downward and to the right as 
indicated by a comparison of curves No. 1 and 2 
in Fig. 2. We operated the counter 50 to 75 volts 
beyond the knee (point A) of the curve — that is, 
at approximately 1390 volts, to minimize errors 
introduced by shifting plateaus. The gradual 
to D intro- 
duces no error, since a “background 


shift of the curve downward from C 
reading” 
taken before each series of tests automatically 
corrects for the lowering of the plateau 
Background 
energy 


Cosmic rays (extremely high- 
interstellar 
bombard the earth) register 
a certain number of counts each minute even in 


rays originating in 


which continually 


space 


the absence of a radioactive sample. 
termed “background”. 


This is 
A systematic study of 





the variation of background from eight in the 
morning until five in the afternoon was made 
on two different days, and the results checked 
reasonably well. In general, the background 
counts per minute are 17.5 to 18.5 at 8 a.m., 
approach a maximum of 20+0.5 at noon and 
decrease gradually to about 18.5 at 5 p.m. How- 
ever, variations from hour to hour prevent one 
from accurately allowing for the background by 
determining it before and after each sample is 
tested. Attempts to use two circuits at the same 
time to determine the actual background during 
a test are invalid because of the different oper- 
ating plateaus and the inherent nature of the 
housing. Therefore the best method of decreas- 
ing the error due to the variation in background 
is to increase the radioactivity of the sample to 
such a level that the variation becomes negli- 
gible compared to the total from the sample. 
Statistical Fluctuations 
under the 


Any analysis, even 


most favorable conditions, shows 
fluctuations due to the random and independent 
nature of the disintegration of atoms. Their final 
statistical 
analysis,* whose use will now be indicated in a 


count can be correlated only by 


very elementary way. 

If N is the total number of particles counted 
in a given time and D is the deviation from the 
true value, then D 
probable error P.E. 


VN, and by definition the 
0.67 VN. 

In an analysis, a background is determined 
and then the sample is placed under the tube 
and a measurement made. The deviation is now 

D = V8 + e® = VN, + Nz 
deviation of the count of background plus 
radiation 
deviation of the background count 
N, = number of counts from background plus 
radiation 
N. = number of counts from background 


where 6 


and the probable error is 
P.E. = 0.67 VN, + N. 


Variation in Counts With the Potential 
{pplied, and Lowering of Plateau With Age (Use) 


Fig. 2 





A Plateau 





Min 


Operating Voltage 


Counts per 











1350 1400 1450 
Applied Potential, Volts 


Table I — Determination of the Deviation, 
Relative Deviation and Relative Probable 
Error of an Analysis 
60 min. 


Background = 19 counts; time of count 





TOTAL S Counts 
Counts ores PER D R.D. 
PLE N, +N, SAMPLE Unirt 


SaM- 


63,710 11.6 mg. 89.9 
56,036 10.2 89.7 
60,814 11.1 89.6 
31,680 10.9 46.7 
29,100 10.0 16.6 
28,482 9.8 46.! 
15,665 8.9 
17,134 9.8 
17,502 10.1 

2,164 11.3 

2,077 10.4 

1,992 9.6 


we ww 


~~ > 





R.P.E. 








*Counts per min. per mg. of sample. 


Expressed as per cent of deviation of the 
true value, these magnitudes are termed the 
“relative deviation” (R.D.) and “relative probable 
error” (R.P.E.) respectively. 


) 
RD. : and R.P.E. 
N, —N, 


1 


Formulas are 
0.67 R.D 


Table I indicates how these formulas are 
used to compute values for four experiments 
Although the values of counts per unit agree 
within + 0.15 for all four samples, regardless of 
intensity of radiation (total counts), the relative 
deviation and relative probable error actually 
Conse- 
Asa 
rough guide, a minimum of 40,000 counts per 
Although 
this value still yields a relative probable error 


increase with a decrease in intensity 
quently, high activities lend for accuracy. 


sample is desirable for an analysis. 


of 0.33%, attempts to obtain higher counts (such 
as 360,000, which decreases the probable error 
to 0.1%) either require a long time or involve 
complications arising from the use of increased 
activity. For example, at high activities (of the 
order of 8000 counts per min.) a correction of 
almost 10% is necessary for “coincidence count- 
ing’ — that is, the certainty that two atoms may 
disintegrate at such short intervals of time that 
the counter can register only one 

Half-Life The half-life of an isotope is 
defined as that period of time in which the 
activity of the original sample is reduced to one 
half its initial value. This is represented by 

N = N, et 

total number of active particles at time t 
N original number of active particles 
\ = proportion of the remaining particles dis- 

integrating per sec. (a constant) 
e = base of natural logarithms 


where N 


Lacking any precise information about the 
essential reason why, for example, Cr®! has a 
half-life of 26.5 days and Co a half-life of 5.3 
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years, and not being able to do anything to 
increase or slow these inherent rates, the best 
we can do is to select that radioactive isotope 
from those available which fits the conditions of 
the desired experiment and has as long a half- 
life as possible. The experimenter can then 
corrections for loss of 
during a test run. 
of the isotope in stock indefinitely. 


neglect radioactivity 


He can also keep a supply 


In any event a special sample of the original 
material should be set aside and its radioactivity 
analyzed periodically to determine if the reported 
half-life is correct as well as to check for radio- 
active impurities and for isomers. (Some radio- 
active isotopes seem to have a dual personality; 
one portion has a different half-life from the 
remainder, yet both portions decay into the same 
element. These two portions are called isomers.) 
If the isotope being used is neither contaminated 
nor an isomeric type, a plot of log N versus t 
(time) will yield a straight line. 

The isotope used in our investigation was 
an isomeric type with half-lives of 10.7 min. and 
5.3 years. However, the one with the shorter 
half-life was spent long before the material 
arrived at our laboratories and consequently the 
decay curve yielded a straight line curve in 
accordance with the mathematical equation. If a 
mixture of two radioactive isotopes is examined 
immediately upon removal from the cyclotron, 
the deviation from straight line is readily appar- 
ent. For example, the curved line in Fig. 3 
represents some experimental data for a freshly 
activated sample. In about an hour and a half 
it assumes linearity. The asymptote Line I, 
projected to the left, represents conditions for 
the longer lived isotope (or isomer Inspection 
of this line indicates that the major portion has 
a half-life of 105 min. An activity of 2000 
counts per min., point m, had dropped to 1000 
per min. at point n, 105 min. later.) 

The distance the experimental curve lies 
above Curve I represents activity of the second 
isomer. Its individual activity can be plotted by 
difference; eq. at 20 min. p = 3000 and q = 1685; 
p— q= 1815, which is the location of point r 
A similar series of plots gives Curve II, from 
which the half-life of the second isomer is found 
to be 13.9 min. As Curve IL is a straight line, it 
indicates radiation from a homogeneous portion; 
if it were curved, it would be evidence that a 
third portion existed, and the line could be again 
analyzed as already indicated 

Condition of Sample—-A sample can be in 
any one of the three forms of matter-— gaseous, 
liquid, or solid. The last two are the common 


forms used in metallurgical tracer analysis. 
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Fig. 3 
Vixture 


Experimental Curve for Radioactive 


Two Portions of Different Half-Lives 


Liquids have the advantage of uniform dis- 
tribution of the radioactive particles, but most 
of the beta rays are absorbed by the solvent 
Special thin-walled Geiger tubes counteract this, 
in part. While a great many test samples are 
in the solid form, they possess difficulties origi- 
nating in the geometry of the form and absorp- 
tion of radiation within the sample. 

Sample Geometry Any form of the sample 
which will give quantitative and reproducible 
results may be used,” either powder, solution, 
thin film, plane or other reproducible surface. 
Selection of a proper sample is the critical step 
in any tracer analysis. Fortunately it is also the 
major step which can be controlled to fit the 
existing experimental conditions. The two main 
sources of error arising from poor geometry will 
now be briefly discussed. 

When a radioactive sample decays it shoots 
off particles in all directions. Thus the locus of 
disintegration effects from a small sample is a 
sphere about that particle. If such a sample is 
brought near a Geiger tube, only that portion of 
the emitted particles can be registered which 
falls within the solid angle subtended by the 
tube’s window. This depends on the size of the 
tube and the distance of the sample, as shown 
in Fig. 4. The ratio of the particles reaching 
the tube to the whole number given off by the 
called the 


“geometry” of the arrangement 


sample is “solid angle” or the 

In practice, the source cannot be considered 
as a point, since solid or liquid samples possess 
a finite volume and cross-sectional area. The 
geometry of such a real system'® is given by the 
following equation: 





In this equation a = b?/a* 
Pp c* /a* 
a = distance, sample to tube face 
b = radius of tube window 
c = radius of sample 
According to this equation, the only varia- 
bles affecting the solid angle are the area of the 
face of the Geiger tube, the distance of the sam- 
ple from the tube, and the area of the sample. 
The diameter of the tube and the distance of the 
sample from the tube (in a unit employing a 
stationary set of shelves) are constant for any 
one series of tests and in that event the only 
variable to consider is the area of the sample. 
We have therefore used the equation to deter- 
mine the permissible variation in the sample size 
without introducing an appreciable error. 
Assume a sample 0.5 in. diameter placed 
0.813 in. from a Geiger tube with face 1.5 in. 
diameter. The quantities needed to figure the 
geometry are 
0.661 
0.562 
0.062 
0.85 Small Enough to Be Re- 
p = 9.094 


Substituting 
these values in the equation for 
geometry we have the value 12.43%. 


Fig. 4 — Solid Angle or 


Geometry of a Sample 


garded as a Point Source 


activity from a radioactive sample is absorption 
In travel- 
ing from the sample to the tube, the particles or 
rays lose energy. 


of the emitted particles or radiation. 


In consequence, only a portion 
of the original particles within the solid angle 
enter the tube and are counted. The amount of 
absorption occurring will depend upon the type 
of particle emitted 
physical 


(B or y ray) and upon the 
state and character of the matter 
In the 
Geiger assembly, absorption occurs in the mica 
window of the tube (solid material), in the air 
between the sample and the tube (gas), and 
within the sample itself (liquid or solid). 


through which these particles must pass 


The first two sources of absorption are con- 
stant, provided the sample is the same distance 
from the tube in each test, and can be neglected 
because an absolute count is unnecessary in 
metallurgical work. The only requirement is 
that the particle's energy be sufficient to pene- 

trate the air and the window 
However, surface absorp- 


{ 


Geiger Tube tion and self-absorption must 


be controlled under as close 
If the par- 


ticles of the radioactive sam- 


limits as possible. 


ace em =v 


Solid Angle ple are of the same size and 


evenly distributed on the sur- 


Suppose that the sample is ,%; face of an inert holder, the 
in. in diameter rather than %% in., loss of emission by self- 
as intended, the geometry would be absorption between adjoining 
12.35%, a difference of 0.08 unit or particles will be a constant 


0.6% of the standard. Again, a 
sample % in. diameter would intro- 
duce an error of 14% in the 
counts from identical material of 
standard size. 

Similar computations show that the error 
from geometry decreases with an increase in 
distance, sample to tube. For example, when the 
sample was placed on the lower shelf in our 
apparatus (a = 1.437 in.), a sample % in. in 
diameter rather than the standard %% in. 

0.2%. 

With care, we were able to control the 
diameter of the sample to within ,; in. and as 
such this introduced a maximum variation of 


about 0.6% due to geometry. 


intro- 
duces an error of only 


While increasing 
the distance between the tube and the sample 
decreases the error, if an isotope has sufficient 
activity to yield a minimum of 40,000 counts in 
a reasonable time the use of increasing distances 
(health requirements permitting). 
The data on the tests given in the latter part 


is desirable 


of this paper were obtained by using the shorter 
distance in our set-up 


The second major cause for the loss of 


Locus of Disintegration 


value which does not affect 
Sample 
(Point Source) 


the final results of a relative 
analysis. If the sample is 
made up of more than one 
layer of powder, surface ab- 
sorption of emission from the underlying layers 
further decreases the activity. 

This cumulative loss results in the absorp- 
tion curves shown in Fig. 5. The different 
slopes of the tangent portions of the curves are 
caused by a decrease in the solid angle as the 
distance between the tube and the sample 
increases. The departure from a linear path is 
in each instance a result of the self-absorption 
of the emitted rays 

The flattening trend of curves C, D and E 
indicates that, after a certain number of layers 
have been built on, no further activity is 
obtained by increasing the sample weight (thick- 
ness) because of the complete self-absorption 
of the emanations from the underlying material 
Such curves vary in position according to the 
distance sample to tube and the energy of the 
particular particles emitted 

Almost all particles from available radio 
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Fig. 5 — Observed Activity 
of Co® as the Thickness 
(Weight) of Sample Increases 


active atoms have an ener- 
gy of 2 to 3 Mev. (million 
Beta 


few 


electron volts). par- 


ticles from those iso- 


topes which are strong beta 


emitters are 


ounts per Min 


absorbed ex- 
the 
order 

The 


‘ less 


r 


( 


ponentially in solids 
the 
millimeters. 


range 
of 
low-energy particles 
than 0.8 Mev 


being of 
a few 





) are absorbed 


I=I1,“, wherein 
intensity at any distance x 
initial intensity 
distance from source (cm.) 
relative loss of intensity 
per cm. of path (the linear 
absorption coefficient) 

To determine the extent 
of these factors, the follow- 
ing tests were conducted: 

Powder Sample With 
Cellophane Cover— The thin 
turnings from the plated 
steel cylinders already men- 


tioned were ground to —35 








much The 


equation for their absorp- 


more readily 


aluminum for 

0.407 E! 4, the range is 
expressed in grams per square centimeter (that 
is to say, the thickness of 1 sq.cm. of aluminum 


tion in is, 


example, R where 


), and E is 
particles 


that weighs a given number of grams 
the of the beta 
millions of electron volts. 


average energy in 
The gamma rays are far more penetrating 

beta particles of high energy, and are 
absorbed exponentially according to the equation 
at the top of the next column. 


than 


Distance, Sample to Counter Window, Cm. x |O 


O 2 “ 


Weight of Sample, Mg. 


mesh, weighed, and placed 
in a cardboard holder con- 
taining a shallow cylindrical 
in. diameter and ‘4, in. deep). A sheet 
of cellophane was placed over the opening and 
the with tape. Only 
about one fourth of the hole was filled with the 
powder. 


hole ( 


ié 


assembly sealed scotch 


A number of determinations were made 


on each sample, the sample being mixed by 


shaking after each determination to insure maxi- 
mum variation in both geometry and absorption. 
The results of these tests showing the range of 
values obtained are presented at the left of Fig. 6. 
The error arising through statistical 
variation is a when 


minor factor 


10 2 








Uncertainty Due to Statistical 
Variation in Counting 


= 


4 
Read Up 


-Range for Liquid Sample 


20 Counts per 


Range for“ 
Uncovered 
Sample 


10 Counts per 
Min per Mg 


Range for “ 
Powered Sampie 
Under Cellophane 

Cover 


4 Counts 


3 Counts per 
Min. per Mg 


2 Counts 


the geometry and 


not controlled. 


absorption are 


Counts per minute con- 
verted to atomic per cent by ana- 


lyzing a 


were 


sample of the as-plated 
the latter equals 100%. 
Other values were determined by 
direct ratio. 

Powder Sample Without Cello- 
phane Cover — The 
the above 
employed. Turnings from each layer 
were divided 


material; 


same samples 
used in tests were re- 
number of 
smaller portions and placed in the 
same type of holders, which were 
then sealed with scotch tape. The 
card was inverted, whereupon the 
powder stuck to the tape, and it 
could be removed and placed on the 
shelf face up below the counter. 


into a 


Fig. 6 — Tests on Radioactive Cobalt 


Electroplate at Various Distances 
From Counter Tube Window. Left: 


Ground chips under cellophane cover. 








O 


2 


Distance, Sample to Counter Window, Cm. x /O 


Vetal Progress; Page 678 


Center: Ground chips with no 


cover. Right: Cobalt in HCl solution 





Results of these tests are shown in the center 
of Fig. 6. Except for the portions of the curves 
at distances lower than 3 cm. the two sets are 
identical, within experimental error. In these 
tests without cover, absorption of the radiation 
is also a major source of error. Calculated error 
due to about 2% of the counts 
recorded. The range of the beta particles emitted 
from Co is about 0.11 mm. 


geometry is 


Since the 35-mesh 
particles are 0.417 mm. in diameter, only those 
emitted near the surface of the outermost layer 
reached the tube. As in the other tests, only 
those particles from the uppermost layer reached 
the tube, the others being absorbed within the 
sample itself. 

It would therefore, that 
limited to experiments on 
friable material that can be easily crushed to a 
small mesh size. 


appear, 
analysis should be 


powder 


Ductile materials will produce 
flakes of various thicknesses, causing excessive 
error 


in counting because of uncontrolled 


absorption of normal radiation. 


Table Il — Analyses of Thin Film Samples 





SAMPLE 
No. 


AToMIc % 
COBAL1 


DISTANCE FROM 
SURPACE 


CountTs* 


(46.6 
)46.5 
(38.7 
) 38.6 
(27.2 
}27.0 
(8.91 
) 8.89 
(4.07 
}4.13 
(1.51 
}1.48 


41.0) 
40.8\ 
34.0) 
33.9\ 
23.8) 
23.7 | 
7.83) 
7.80\ 
3.58) 
3.63\ 
1.32) 
1.30) 


2.92 cm. 


4.20 


6.40 


7.68 


8.95 











*Counts per min. per mg. of cobalt. 


Liquid 
measure approximately 
due to 


Sample — To 
the 
self- 


error such 


two former tests. However, even though the 
absorption and geometry are closely controlled, 
the resultant counts per sec. are so low that 
statistical offset the 
Special Geiger tubes, with thin walls, 
into the 
solution 


fluctuations advantages 
obtained. 
tubes 


immersed directly solution, or 


around which a can be passed, are 
necessary to obtain satisfactory solution analyses, 
Such equipment has given excellent results for 
various investigators. 

Thin Film 
taken into solution with 1 ml 


Samples weighing 40 mg were 
of 6n HCl. Four 
to six drops of this were transferred to a thin 
glass slide, previously weighed. 
then dried at 110°C. for 60 min., placed in a 
desiccator and cooled at 


The plates were 
least 2 hr. before re- 


weighing on a balance accurate to 0.05 mg. 
Counting then began. 

Results of testing such samples are given 
in Table Il. 


geometry and absorption very accurate results 
sufficient 


Under the condition of controlled 


were obtained from samples’ with 
radioactivity. 
Coincidence Counting When an elementary 
particle enters the interior of the Geiger tube, 
it ionizes the gas and these (in 


addition to the freed electrons), under an applied 


molecules of 


potential, cause new ionization which ultimately 
builds up sufficiently to discharge the tube. The 
period between the discharge and the time the 
tube is capable of 


starting another 


termed the “dead time”. 


cycle is 
Any particle that enters 
the counter during this time is not counted and 
these misses are termed “coincidences”, and the 
counting rate must be corrected for these misses 
The corrections in counts per minute for beta 
particles for a typical Geiger tube are given in 
Table III up to 1000 counts per min 


Health Requirements 


Table Ill — Corrections for 
Coincidence Counting 


The lower limit of activity 





RANGE OF CoUNTS 
RECORDED 


the 
samples were dissolved in 


absorption, some of 


hydrochloric acid. To pre- Oto 
205 to 
355 to 
456 to 
540 to 
613 to 
678 to 
736 to 
792 to 
843 to 
890 to 935 
936to 978 
979 to 1000 


204 
354 
455 
539 
612 
677 
735 
791 
842 
889 


vent evaporation the small 
containers were capped with 
thin mica sheets. The cups 
were then placed under the 
tube the 


analysis conducted as 


Geiger and same 

for 
powder. Results are shown 
at the right of Fig. 6. The 
maximum variation is only 
17% 


respectively in the 


4%, as 
and 10° 


compared to 





which can be used in a tracer 
CORRECTION IN 


analysis is determined by the 
COUNTS PER MIN. 


magnitude of the uncontrol- 
0 lable fluctuations, such as 
background and the other 
matters discussed above. If 
the activity could be increased 
to any desired amounts, these 
fluctuations could be reduced 
to an inconsiderable propor- 
tion. However, the uncer- 
tainty of the effect of radia- 
tion on body tissue limits the 


maximum activity which may 








be used 
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The specifications and general rules for the 
maximum activity to which one may be safely 
exposed are given in detail in the Atomic Energy 
Commission's bulletin on “Rules and Procedures 
Substances and Asso- 


Concerning Radioactive 


ciated Hazards”. The activity used in the cur- 
rent experiments was considerably below the 
limits specified in that publication 

Isotopes -- A few of the isotopes which are 
available from the Isotopes Branch of the Atomic 


Energy Commission are listed below: 


parison. This eliminated any error caused by 
variation in temperature, or measurement of the 
thickness of any layer during the preparation 
of the initial sample. Of the various methods, 
the thin film samples yielded the most concord- 
ant results. Under different experimental con- 
ditions, the other methods may serve excellently 

A summary of the variables which must 
be controlled and the experimental limitations 


encountered are given in Table IV 


Table IV — Summary of Variables 





Isoropt 
Carbon 14 
Phosphorus 32 

* Sulphur 35 
Calcium 45 
Chromium 51 
Cobalt 60 
Copper 64 
Gold 198 
Iron 55 
Molybdenum 99 
Nickel 59 

*Palladium 103 
Silver 110 
Titanium 51 
Tungsten 185 
Zine 65 
Zirconium 95 


Have-Lirt 
5720 years 
14.3 days 
87.1 days 
180 days 
26.5 days 
5.3 vears 
12.8 hours 
2.7 days 
4 years 
68.3 hours 
16 years 
17 days 
282 days 
72 days 
74 days 
250 days 
63 days 


*Contains radioactive impurities. 


Conclusion 





A number of variables must be 


VARIABLES 


Background 


Activity of 
sample 


Form of 
sample 
Weight of 


sample 


Solid angle 
(geometry) 


Absorption 


EXPERIMENTAI 
LIMITATIONS 


METHODS FOR 
DECREASING Error 


Indirect Nature of cosmic 
Increase activity rays 
of sample, or Lead housing 
Increase size 
of sample 
High activity causes 


less relative fluc- 


Health requirements 


tuation 
Any reproducible 
geometric form 
Increased weight 


None, if equipment 
available 
‘pper linear portion 
of absorption 
curve 

Uniform area ‘or finite areas, the 
equation should be 
a converging 
series 

Uniform thickness 

Same distance from 
tube 


‘nergy and type of 
particle 





considered by the experimenter in con- 
ducting a radioactive analysis. 
these 


In this paper 


been examined under 


various conditions to determine the 


variables have 
accuracy 
necessary to obtain reproducible results. 

The method of obtaining samples introduced 
no error, since only the reproducibility of values 
within each concentric 


particular layer of a 


plated cylinder was used as the basis of com- 


active Copper 
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How CHROMIUM and TUNGSTEN Increase 
Strength of High-Temperature Alloys 


The aircraft field has served as an im 
portant “proving ground” for the high 
temperature alloys that have been 
developed for gas turbines required to 
operate at elevated temperatures. How 
ever, these alloys are now demonstrating 
their superior properties for other primary 
power applications, including gas tur 
bines to operate electrical generators for 
Stationary or motive power. 

While there are literally dozens of 
different alloys available for high-tem 
perature use, most of them contain the 
alloying elements chromium and tung 
sten for the express purpose of enhanc 
ing resistance to scaling and increasing 
their hardness and strength at elevated 
temperatures. The amount used is gen 
erally determined by the stresses and 


temperatures expected in service. Other 
alloying metals may also be added for 
special purposes such as columbium 


manganese, silicon, and titanium. 


Chromium and Tungsten as 
Strength-Builders 
Even small amounts of chromium and 
tungsten are effective in increasing the 
strength of high-temperature alloys. An 
important consideration is, of course, the 
exposure time—particularly when operat 
ing te mperatures go above 1200 degrees 
Fahrenheit. Although the major role of 
chromium is to prevent scaling, it has 
been found that chromium, as well as 
tungsten, also helps the alloys to main 
tain their strength when they are ex 
posed to high temperatures for long 
periods of time. 
In addition to chromium 
and tungsten, the combina 
tion of other alloying metals 





| srmess TO PRODUCE RUPTURE 
N 1000 HOURS 


TEMPERATURE, DEG 


oeed loys 


present will likewise influ 

ence the strength of the al 
Heat-treatment, too 

| will influence the properties 
of these materials. However 
in obtaining the 
ranges of stre ngth needed 


higher 


it extremely high tempera 
tures, chromium and tung 


sten are essential 


Where High-Tempera- 
ture Alloys Are Used 


Special high-temperatur: 
alloys containing chromium 
ind tungsten are being used 
for the construction of gas 
turbines that power railroad 


ig l—Here is the average 
range of stren oth of variou 
high-temperature alloys com 


pared with other metals. 





ROTOR BLADES 


totor and stator blades in this 
locomotive-type gas turbine are pre 
cision-cast of an alloy containing about 
24 per cent chromium and 6 per cent 
tungsten. The rotor body and cylinder 
housing are forged from an alloy con 
taining about 19 per cent chromium 


and 1.2 per cent tungsten 


ocomotives ships airplanes and elec tric 
generating plants Some typical parts 
made of these alloys are rotors, turbine 
blades, nozzle vanes, ducts, and hous 
ings. These parts are exposed to tem 
peratures of from 1200 to 1500 degrees 
I ahre nheit 


If You Need Technical Help 


Those high-temperature 
alloys who wish technical help in the 
selection of alloying metals will find 
ELectromet’s metallurgists glad to co 


pr duc ing 


In addition to chromium and 
tungsten alloys Eve TROMET also pro 


ope rate 


duces ferro-alloys of columbium, man 
ganese, silicon, and titanium for use in 
making high te mperature allovs. If you 
wish further information about the prop 
erties and uses of these alloys, write to 


the nearest ELecrromer office 


Ask for our new cata- 
log Ele tromet Ferro 
Allovs and Metals.” It 
describes over 5O met 
als and alloys produced 
by Execrnomer and 
tells of the unique tech 
nical service offered to 
the metal industries. 


The 
mark of 


’ Electromet™ is a registered trade 
Union Carbide and Carbon Corporation 


Vay. 1951: Page 681 





Personal 


Raymond H. Schaefer 


Raymond H. Schaefer @, who 
has been with the American Brake 
Shoe Co. for the past 11 years, has 
recently been elected vice-president 
of the company. He graduated from 
Carnegie Institute of Technology 
in 1934 and remained there in the 
metals laboratory until 
early in 1935 when he joined Inter- 
national Nickel Co.’s metallurgical 
research Bayonne, 
N. J. He American Brake 
Shoe Co. in 1940 as assistant found- 
ry metallurgist of the company’s 
American Manganese Steel Divi- 
sion, Chicago Heights, IIL, and was 
successively foundry metallurgist 
and general foundry superintend- 
ent. In 1943, Mr. Schaefer was 
transferred to American Brake Shoe 
Co., Mahwah, N. J., as 
chief metallurgist, later becoming 
chief metallurgist. Since much of 
the production is gray iron 
ings, extended studies have been 
made in the company’s fine experi- 
mental foundry on this ancient and 
neglected metal, a good part of it 
under Raymond Schaefer’s direc- 
tion. The experimental foundry 
also studies sand and other mold- 
ing materials, parts cast in centrif- 
ugal equipment, and the hardening 
transformations in both plain and 
In 1947 Mr. Schaefer 
was appointed director of research 
and development, and will continue 
in charge of the research activities 
of the company. 


research 


laboratory in 
came to 


assistant 


cast- 


alloyed steels. 
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Mention 


Bernard R. Queneau 


Bernard R. Queneau @, whose 
original contributions to metallur- 
literature include papers on 
the determination of solubility lim- 
its of the nickel-chromium system, 
austempering of carburized 
and hardenability of alloy 
steels, has had a versatile metallur- 
gical career. After graduation from 
Columbia 1933 he 
spent three years as an assistant in 
the School of Mines, University of 
Minnesota, where he also received 
his Ph.D., and a similar time at 
Columbia University as assistant 
professor of metallurgy. Called for 
active duty in the Navy in 1941, he 
was assigned to the U. S. Naval 
Proving Ground at Dahlgren, Va., 
where his many contributions to 
the development of improved armor 
plate and armor piercing projectiles 
earned him a ribbon and a letter of 
commendation from the Secretary 
of the Navy. In 1946, Dr. Queneau 
returned to industrial research as 
chief development metallurgist at 
the South Works of Carnegie- 
Illinois, where he handled such un- 
related projects as the development 
of the turbo-hearth, the all-basic 
openhearth furnace, and corrosion 
resistance of extra low -carbon 
Stainless steels. His recent promo- 
tion to chief metallurgist at the 
Duquesne Works of United States 
Steel Co. gives him charge of proc- 
ess control of melting, rolling, fin- 
ishing, and steel inspection. 


gical 


case 
parts 


University in 


Lillian R. Bauer 


Among the 20,000 members of 
@ (give or take a few hundred) 
are to be found about 0.1% women. 
The males among the membership 
the un- 

“stat- 


have come to recognize 
usual merit of these ladies 
ure” is the customary word but is 
hardly a gallant one to apply to 
femininity. Since metallurgists are 
direct descendants of blacksmiths 
“mighty men” it seems a bit 
incongruous to find women among 
them, and to compete they must 
have, and obviously do have, a lot 
their Lillian R. 
Bauer is one of notable 
women. Her husband, the late 
Dale W. Bauer, one of the 
founders and first secretary of the 
Steel Treating Research Society of 
Detroit, active in its local 
and its expansion to 1070 members 
between 1915 and 1920, and when 
it eventually one of the 
two groups which, merging, formed 
the @. Consequently, Mrs. Bauer 
heard metallurgy discussed at the 
breakfast table. More than that, 
she salesman (excuse it 
Her fa- 
ther, Joseph Reynolds, was general 
manager for the Detroit Electric, 
and she sold cars to many women 
who couldn’t see why they should 
not drive an automobile. So it was 
no trick at all for her to take over 
her husband’s business, the Libbey- 
Bauer Co., representing W. S. 
Rockwell Co. in Michigan, which, 
as all readers of Metal Progress and 
its advertising pages know, makes 
furnaces, pickling and 
cleaning equipment, and rod and 
wire mill Logically, 
she 


above shoulders. 


these 


was 


affairs 


became 


was a 
saleswoman) in girlhood. 


ovens, 


machinery. 
retained her husband’s 
useful membership in the American 
Society for Metals. 


also, 





_ VALVE BODIES 


How Two Manufacturers Improved Their Products 
. . . Pared Their Production Costs 


(1) This illustration shows only four steps in the manufac- 
ture of a valve body from Revere 70-30 Cartridge Brass by 
Eastern Tool & Stamping Co., Saugus, Mass. Eastern was 
asked to quote on making this body as a stamping, to replace 
a casting. Due to the design of the part, it was felt x be it 
would be especially difficult to ren wes from brass strip. 
Hence Revere was asked to collaborate on specification and 
fabrication. A close study of the fabrication steps resulted 
in the recommendation of 70-30 brass in a certain grain 
size. The latter is kept under control by Eastern through only 
two intermediate anneals. The result is a most unusual drawn 
and formed part, lighter, better, and more economical than 
the former casting. (Revere has no objection to castings as 
such. The important thing is to use them only if they are 
more economical and satisfactory.) 


(2) Penknives, fisherman’s knives and similar items made 
by the Utica Cutlery Company, Utica, N. Y., contain liners 
of brass which provide the proper clearances between the 
blades. These not only have to be blanked to the proper 
shape, but also must be punched with small holes i the 
rivets. Some of the holes must be “punched clean” with a 
minimum amount of burr. Others are produced with a blunt 
punch so that the metal is extruded slightly around each hole. 
The Revere Technical Advisory Service was consulted, with 
the result that Revere now supplies brass in a temper which 
blanks cleanly, but which also produces the exact amount 
of extruded metal around the desired holes in the customer's 
operation. In this case, it was proper temper which elimi- 
nated rejections and added to the quality of these already 
fine knives. 


e These two cases are typical of the results obtainable when 
Revere and a customer sit down together to share their 
knowledge with each other. In these times, when more and 
more companies are planning to switch to Defense Orders, 
such collaboration can be exceptionally valuable. May we 
work with you? 


REVERE | 3 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenye, New York 17, N. Y. 


Md icaxo and Cli lil; Detroit, Mich.; Los Angeles 
Ma Rome Z 
Sule esin Pri tes, Destrtbutors Everywhere 


SEE “MEET THE PRESS” ON NBC TELEVISION EVERY SUNDAY 


PENKNIVES 
i. SD 
—" 
he 
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Personals 


Raymond B. Ziccarelli © is em- 
ployed by Boeing Airplane Co., 
Seattle, Wash., as an engineer in 
the welding group of the process 
and standards unit. 


Martin J. Lyons @ has been 
promoted from time and methods 
supervisor to process engineer at 
the John Wood Co., Ltd.. Winni- 
peg, Manitoba, Canada. 


Fred B. Smith ©@ has been re- 
called to active service as a captain 
in the Ordnance Corps and is 
assigned to the Ordnance Rocket 
Center, Redstone Arsenal, Hunts- 
ville, Ala., as chief of Test and 
Evaluation Branch. He is on leave 
from his position as senior re- 
search engineer, Armour Research 
Foundation, Chicago. 


Henry F. Keller, Jr., ©, has 
been employed by the Caterpillar 
Tractor Co., Peoria, ILL, since his 
graduation from Purdue Univer- 
sity, June 1950. 





G MADE EASY WITH 





— ae 


HARDNESS TESTIN 





PORTABLE HARDNESS TESTERS 


in aificult 
ness testing esy-to-us® 
Tester. 


ARE TAKEN TO THE WORK 


— Hardnes; test; 


ag large 


Rockwelj Se wie, HY in the 


FOR QUICK, ACCURATE, SIMPLE TESTS 


Hardness testing — before and after heat treating — 


is essential today. 


Ames Portable Hardness Testers now make it practical 


and EASY to test for hardness at any stage of your 
manufacturing process. Make quick, accurate tests on 
the spot. No cutting off specimens. No waiting for lab- 


oratory tests. No skill is required. Anyone can operate. 


Thousands are now in use and paying for themselves, 
over and over again. Investigate today how Ames 
Hardness Testers can be quickly put to profitable use 


in your plant. 


Send for descriptive literature. 


Ames Portable Hardness 
Testers are light in weight, 
compact, accurate and 
comparatively inexpen- 
sive. Models from 1" to 
6" capacity. 


AMES PRECISION MACHINE WORKS 


ae a 
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MASS. 





Donald A. Campbell @ was re- 
cently appointed vice-president in 
charge of engineering and research 
for Eclipse Fuel Engineering Co., 
Chicago. 


Harry L. Edgecomb, Jr., @, and 
Ralph W. Shaw, Jr., @, have been 
elected president and treasurer, 
respectively, of the board of di- 
rectors of the National Association 
of Aluminum Distributors, and 
J. J. Hill @ has been named a 
director. 


Thomas G. McNamara ©@, for- 
merly chief metallurgist at Conti- 
nental Aviation and Engineering 
Corp., Detroit, has been appointed 
chief metallurgist for Alloy Engi- 
neering and Casting Co., Cham- 
paign, II. 


Robert M. Buck @ has been 
named manager of Bryant Heater’s 
Industrial Division, Cleveland. 


L. W. Bosch @ has been pro- 
moted from superintendent of 
quality control and inspection, Im- 
perial Works, Oil Well Supply Co., 
Oil City, Pa., to manager of quality 
control covering all plants of the 
company. 


Michael M. Boros @ is president 
of the newly-organized Tool Steels 
Inc., Cleveland. 


Albert J. Belli @ is a metallur- 
gical engineer with Wright Aero- 
nautical Co., Wood-Ridge, N. J. 


Einar Iverson @ has been em- 
ployed as a welding engineer by 
Worthington Pump and Machinery 
Corp., Harrison, N. J. 


John Billings @ has accepted a 
position with the A. V. Roe Co., 
Canadian aircraft 
as a metallurgist. 


manufacturers, 


Ernest L. Blodgett ©, formerly 
employed as superintendent of the 
heat treating department at Reece 
Corp., Waltham, Mass., is now the 
proprietor of the Hotel Alstead, 
Alstead, N. H., and will do consult- 
ing work in that area. 


W. J. Resiner @ has 
granted a leave of absence from 
Republic Steel Corp. to act as com- 
modity industry analyst with the 
Steel Pipe and Tube Section of the 
National Production Authority, 
Washington, D. C. 


been 


L. J. Demer @ has resigned as 
assistant professor of materials 
engineering at Syracuse University 
and accepted a position as research 
associate in the Engineering Ex- 
periment Station, University of 
Minnesota, Minneapolis 





Above: Some threaded parts may require stack loading as shown 
here rather than the usual dump loading. 


Left to right: Brass parts are shown before heat treating, after air 
atmosphere treatment and after stress relieving in Steam Homo. 


Eliminated! four cleaning operations 
by stress relieving in Steam Homo 


IrL Ad TD242601 


astian-Blessing Co., of Chicago, 

has eliminated four cleaning 

operations by adopting the 
Steam Homo Method for stress 
relieving of small brass parts. 


The Company makes brass valves, 
regulators, gas torch nozzles, and 
other products. Various parts of these 
products need stress relief, after 
machining, to prevent what the trade 
calls “season cracking.” 


Formerly, this stress relieving was 
done in an air tempering furnace; 
brass surfaces came out oxidized as 
in center picture above. To meet 
inspection requirements, Bastian- 
Blessing used successive cleanings in 
hot potash wash, acid dip, cold water 
dip and hot water rinse. 


MEASURING INSTRUMENTS - TELEMETERS 


Alll these cleaning operations are 
now ended by the Steam Homo 
Method. Parts treated in the protec- 
tive steam atmosphere come out of 
the furnace clean. Only appearance 
change is the slight discoloration 
shown at right above. This change 
is so slight that many parts are shipped 

as is. 


AThoroughly Practical Method 

The Steam Homo Method of 
stress relieving can be used by any 
heat-treater. It provides all the fa- 
miliar Homo advantages of uniform, 
closely controlled heating, plus 
steam atmosphere. 

A 4-page catalog folder is avail- 
able from Leeds & Northrup Co., 
4927 Stenton Ave., Phila. 44, Penna. 


AUTOMATIC CONTROLS  HEAT-TREATING FURNACES 
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TUKON TESTER 
¢ <a ¢ 
MICROHARDNESS TESTING 








accept TUKON’s precision 
and repeated accuracy 


@ Where minute indentations and extreme accu- 
racy are necessary, the TUKON Microhardness Tester 
meets the most exacting requirements. A sensitive 
mechanically or electrically controlled system, with 
microscopic viewer, is employed. 

On hardened steel, length of indentation with 100 
gram load is .0016”, depth only .00005’; very small 
metallic crystal areas can be tested. TUKON models are 
available for testing delicate watch parts to properly 
prepared specimens of heavy machinery parts. TUKON 
is necessary in every metallurgical department. 

Information on the correct TUKON Microhardness 
Tester for your work will be sent on request. Just give 
us details of the job. 


MECHANICAL INSTRUMENT DIVISION 
AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N. Y. 
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Personals 


H. W. Zieler @ has recently be- 
come associated with W. H. Kessel 
and Co., Chicago, distributors of 
scientific instruments. 


Franz R. Brotzen @ has trans- 
ferred from the Bureau of Mines, 
Washington, D. C., to Case Institute 
of Technology, Cleveland, where 
he is a research associate in the 
metallurgical department. 


Edward P. Patterson ©, for- 
merly an instructor at National 
School of Aeronautics, Kansas City, 
Mo., has been employed as a metal- 
lurgical engineer by Boeing Air- 
plane Co., Wichita, Kan. 


John Varga, Jr., @, is now em- 
ployed by Battelle Memorial Insti- 
tute, Columbus, Ohio, as a research 
engineer. 


William A. Bostrom @ has been 
placed in charge of the radiation 
counting laboratory and pyro- 
metric standards laboratory of the 
Metals Research Laboratory, Car- 
negie Institute of Technology, 
Pittsburgh. 


George J. Thompson @ is a 
metallurgist assigned to the blast 
furnaces at Pittsburgh Steel Co., 
Monessen, Pa. 


Keith V. Davidson © has been 
employed as a chemist by the 
Globe Plant of American Smelting 
and Refining Co., Denver, since his 
graduation from Colorado School 
of Mines last June. 


Roger D. Moeller © resigned 
his position of staff member of 
Los Alamos Scientific Laboratory 
to take a position as research 
engineer in the Atomic Energy 
Research Department at North 
American Aviation, Inc., Downey, 
Calif. 


Fred E. Weisser @ is now asso- 
ciated with the New Departure 
Division of General Motors Corp.., 
Bristol, Conn., as a metallurgist. 


G. William Eggers @, June 1950 
graduate from the University of 
Notre Dame, is now associated 
with Phillips Petroleum Co., Bar- 
tlesville, Okla., in the Test Division 
of the engineering department. 


Robert A. Powell @ has been 
employed in the metallurgy depart- 
ment of Jones & Laughlin Steel 
Corp., Pittsburgh, since his gradu- 
ation from University of Pitts- 
burgh, September 1950 





@ standard and special types to meet 
production requirements and plant conditions 

















RAPID QUENCH OVEN FOR LIGHT ALLOYS ROLLER HEARTH TYPE HEAT TREAT OVEN 


Designed for the aircraft industry to 
heat treat Dural parts in a completely 
automatic cycle. 


Young Brothers high temperature ovens of 
this type ore widely used for both ferrous 
and non-ferrous heat treat operations 


REGARDLESS OF YOUR REQUIREMENTS for heat treating, Young Brothers, with over 
fifty years of experience in designing and building ovens, can meet your exact need. 
Young Brothers heat treating ovens are made in Batch and Conveyor types, with accurately 
controlled temperatures up to 1000° F., and are designed and built for such processes os 


@ ANNEALING AND TEMPERING @ NORMALIZING AND STRESS RELIEF 
@ DRYING AND IMPREGNATING @ HYDROGEN RELIEF AFTER PLATING 
@ AGEING PROCESSES @ PREHEATING PROCESSES 

Don’t guess about the proper type of heat treating oven for your particular require- 
ments. Young Brothers engineers can give you authoritative recommendations. Their 


services are available without obligation —write or call today. 


wear Tesatng WRITE FOR BULLETIN 4-7 


YOUNG BROTHERS COMPANY qe 


1829 COLUMBUS ROAD CLEVELAND 13, OHIO @ Established 1896 
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With a maximum temperature of 
1850° F., the TREET-ALL can eas- 


ily handle your scale free harden- 


ing, carburizing, dry cyaniding 
and silver brazing. The alloy muf 
fle and gasketed door form a 
tight seal which simplifies atmos 
phere control. For hardening, an 
atmosphere generator is not nec 
essary; raw gases, such as bottled 
or natural gas, can be used to pro- 
vide the atmosphere. The furnace, 
quench tank, cabinet and controls 
form a compact, completely wired 


unit 


TREET-ALL furnaces are built 
in 3.6 KW and 8 KW sizes 
with inside muffle dimen- 
sions of 7” W x 15" L x 
4-7/8" H and 10” W x 18’ 
Lx 7" H respectively 


Write for Bulletin HD-1147-BB 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVIeDUTY ELECTRIC EXCLUSIVELY 


ORY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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Personals 


Ernest W. Brix © has resigned 
his position as chief design engi- 
neer on die castings, dies and tools, 
Advance Pressure Castings, Inc., 
Brooklyn, and is now superintend- 
ent of die casting at Hampden 
Brass and Aluminum Co., Spring- 
field, Mass. 


Roger A. Perkins @ has been 
employed as a_ research trainee 
with Union Carbide and Carbon 
Research Laboratories, Inec., Ni- 
agara Falls, N. Y., since his gradu- 
ation from Purdue University in 
January. 


William H. Johnson @ is now 
a metallurgist with the Naval 
Research Laboratory, Washington, 
dD. Cc. 


Eugene M. Stein @ has taken a 
position as principal metallurgist 
at Battelle Memorial Institute, 
Columbus, Ohio. 


Alan F. Busto @ has been em- 
ployed as a welding technician at 
International Harvester Co., Man- 
ufacturing Research Division, Chi- 
cago, since his graduation from the 
University of Michigan in June 
1950. 


H. B. Emerick @, formerly as- 
sistant plant metallurgist at the 
Aliquippa Works, Jones & Laugh- 
lin Steel Corp., is now assistant to 
the vice-president in charge of 
technology. 


George A. Barker © has been 
named a consultant to the National 
Production Authority, Iron = and 
Steel Division, ferro-alloys and 
metals sections, Washington, D. 


Earl R. Cunningham, Jr., 6, is 
a shift metallurgist at Crucible 
Steel Co. of America, Sanderson 
Holcomb Works, Syracuse. N. \ 


William P. MecKinnell, Jr., 6, 
formerly with the Engineering 
Division, Chrysler Corp., has ac- 
cepted a position as assistant pro- 
fessor of metallurgical engineering 
at Virginia Polytechnic Institute, 
Blacksburg, Va. 


Ralph C. Seikel @ is now 
foundry foreman, New Haven 
Foundry, New Haven, Mich. 


Charles R. Cook @ has been re- 
called for extended active duty 
with the Army Corps of Engineers. 
Lt. Cook is at present assigned to 
the Post Engineer Section, Fort 
Holabird, Md. 
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8~inch ear blank 


Materia) - 


KODAK INDUSTRIAL 
X-RAY FILM, TYPE M 


This gear blank was headed for a precision job. 
Even tiny imperfections were “out.” To rule out 
such irregularities called for a radiograph of the 
best possible radiographic quality. 

So the radiographer selected Kodak Industrial 
X-ray Film, Type M. This has extra-fine grain and 
high contrast. It provides the highest radiographic 
sensitivity available for critical inspection of all 
metal allovs 


RADIOGRAPHY 
IN MODERN INDUSTRY 


Ln ' A wealth of invaluable data on radio- 
| ; 
tblesearet | graphic principles, practice, and 
technics. Profusely illustrated with 
photographs, colorful drawings, dia 


grams, and charts. Get your copy 





from your local x-ray dealer— price $3. 


Radiography... 


another important function of photography 
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A TYPE OF FILM FOR EVERY PROBLEM 


To provide the recording medium best suited to any 
combination of radiographic factors, Kodak pro 
duces four types of industrial x-ray film. These 
provide the means to check castings and welds effi 
ciently and thus extend the use of both processes 





Type A—has high contrast with time-saving speed for 
study of light alloys at low voltage and for examining heavy 
parts at 1,000 kv. Used direct or with lead-foil screens 

Type ™ 
under direct exposure or with lead-foil screens. It has extra 


fine grain and, though speed is less than in Type A, it 


provides maximum radiographic sensitivity, 


adequate for light alloys at average kilovoltage and for 
much milhon-volt work 

Type F provides the highest availabl speed and cor 
trast when exposed with calcium tungstate intensifying 
sereens. Has wide latitude with either x-rays or gamma 
rays, exposed directly og with lead screens 

Type K—has medium contrast with high speed. Designed 
for gamma ray and x-ray work where highest possibl 
speed is needed at available kilovoltage without use of 
calcium tungstate screens 


EASTMAN KODAK COMPANY 
X-ray Division - Rochester 4, N.Y. 


TRADE MARK 





Turbine Alloys 


(Continued from p. 656) a figure 
which could be tolerated by me- 
chanical design allowances. The 
aging process reduced the creep 
strength by about 10%, but the gen- 
eral balance of properties was con- 
sidered to be improved. An attempt 
to avoid loss of creep strength — if 
possible to enhance it as well as 
to raise the proof stress resulted in 
a long research that led to a process, 
known as “warm working”, which 


confers quite remarkable mechani- 
cal properties at low and high tem- 
peratures upon certain austenitic 
steels, and G1I8B has proved to be 
most responsive. The growth on 
disks subjected to this treatment 
was reduced to the very low figure 
of 0.001 to 0.003 in. The low creep 
rate at 26,900 psi. and 650° C. (1200° 
F.) shown in the bottom line of 
Fig. 3 persists for at least 6000 hr., 
at which time the total strain from 
creep would reach about 0.4%. 

In production following solu- 
tion treatment at 1300° C. (2370° F.) 
and any subsequent machining that 





Sentry protects pre-cut keen- 
ness of teeth on Nicholson's 
high speed rotary power tools! 


Versatility. Sentry Heat Treat- 
ing Methods are used daily 
at Nicholson on an almost 
endless variety of tools. 


Keenness of Teeth 


Maintained! 


The Nicholson File Company in Providence, R.I., tell us that the 
SENTRY DIAMOND BLOCK METHOD of heat treating their high 
speed rotary power tools (hand cut or precision ground) permits 
them to do a top quality job and to fully maintain pre-cut keen- 
ness of teeth. Further, SENTRY gives Nicholson the right heat 
treating answers on an almost endless variety of sizes and 
shapes of rotary power and other tools. 


Sentry Model 2Y 
For small 
tools, cutters 
of motly, 
tungsten and 
cobalt high 
speed steels. 


Ask for catalog A-3 


Sentry Model 5Y 
For larger 
teols and 
cutters. Flex- 
ible, eco- 
nomical, 
quick to heat 
up. 
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Sentry Model YP 
Vertical mod- 
el for long, 
slender drills, 
reamers, 
broaches, 
etc. 





is required G18B turbine disks 
are heated at 700°C. (about 1300° 
F.) in a gas-fired furnace for “warm 
working” and, after an adequate 
soaking period, are transferred to 
a 10-ton drop hammer, the largest 
readily available. The disks are 
given a small number of blows, and 
the reduction in thickness is meas- 
ured. This procedure is applied to 
disk forgings which are “warm 
worked” either between flat tools 
or in dies. A great many disks 
have been manufactured in this 
way and, although the process must 
be strictly controlled, it has given 
uniformly good properties and sat- 
isfactory use under the most severe 
conditions in flight. 

It appears that one of the main 
problems is to provide a hammer 
of sufficiently capacity for 
working some of the larger disks. 
This has been overcome in part by 


large 


“warm working” the central region 
only, and doubtless many turbine 
disks will be so fabricated in the 
future. Of course, the process 
should not be regarded as appli- 
only to turbine disks; for 
instance, “warm rolling” of bar 
material is effective and would be 


cable 


suitable for rectangular sections in- 
tended for turbine blades, and for 
other high-temperature applications 
in other fields. 


fustenitic Allovs With Columbium 


The bulk of the data recorded 
in the paper “Studies of the Prop- 
erties of a Chromium-Nickel-Nio- 
bium* Steel”, by H. W. Kirkby and 
C. Sykes of the Brown-Firth Re- 
search Laboratories (Sheffield) re- 
fers to bar 
from 1050° C. 


material, air cooled 
(1920° F.). It has the 
following composition: O11 C, 
0.50% Si, 0.41% Mn, 9.5% Ni, 
17.84% Cr, 1.22% Cb. The creep 
data, together with the supplemen- 
tary information given on forgings, 
indicate that the strength of such a 
steel is adequate for the many ap- 
plications such as rotor forgings, 
blades, and tubes up to 625°C. 
(1160° F.). At 1200° F. and above, 
the creep strength falls away rap- 
idly for long-term applications such 
as 100,000 hr. Both mechanical and 
metallographic tests after exposure 
at elevated temperatures indicate 
that little or no austenite has trans- 
formed if the nickel content is be- 
tween 9 and 13%. In addition, the 
small amount of sigma phase which 
slowly insufficient to 
cause any significant (To p. 692) 

* TRANSLATOR’S NOTE — The British 
use “niobium” where the Americans 
would say “columbium”. 


appears is 





WOULD YOU 
SOLVE IT? 


Solution: USE MAR-TEMP OIL 
because it gives you accurate quenching 
between 275°F. and 400°F. ! 





Heat treaters are turning to Houghton 
Mar-Temp Oil for interrupted quench- 
ing under 400° F. and find their warp- 
age problems are solved. Cracking 
and distortion are practically elimi- 
nated. With a flash point of 530° F., 
Mar-Temp Oil has proved exception- 
ally effective over long periods when 


heat is maintained below the recom- 
mended temperature. Ask your heat 
treaters to test Mar-Temp Oil for safety, 
speed and hardening accuracy in the 
lower martempering range. You will 
find it provides a stable quench that 
fills a necessary place in your heat 
treating program. 


MAR-TEMP OIL 
-+@ product of 


WRITE FOR LATEST CATALOG 


to E. F. Houghton & Co., Philadel- 
phia 33, Pa., or ask the Houghton 
Man when he stops in your plant. 


} 


. 
- 
» 


Ready to give you 
on-the-job service... 
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Barrett Standard Anhydrous Ammonia has many appli- 
cations in metal treating. When you need ammonia, it 
will pay you to place your order with Barrett— America’s 
leading distributor of Ammonia—with more than 50 
years of experience in this basic chemical. 

Fast delivery is a special feature of Barrett service. 
Convenient coast-to-coast stock points make it easy. 
When you buy Barrett Standard Anhydrous Ammonia, 
you know you can depend on speedy arrival of ammonia 
of unexcelled purity and consistent high quality. 


When you need expert advice, Barrett’s trained tech- 
nicians are ready to help you without charge or obliga- 
tion. Barrett is the name to remember, when you need 
ammonia. 


In 150, 100 and 50-pound cylinders for fast 
delivery from a stock point located near you. 
And in tank car shipments from Hopewell, Va., 
and South Point, Ohio. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 
4528 SOUTH BROADWAY, ST. LOUIS 11, MO. 


Reg. U. S. Pat. Of. 
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Turbine Alloys 


(Cont. from p. 690) deterioration 
in ductility, and it is interesting 
that its amount is independent of 
the nickel content over the range 
examined. The mechanical tests 
carried out on the various creep 
specimens indicate that a minimum 
of 1% extension in creep can be 
assumed before intercrystalline 
cracking occurs. 

Work carried out on “Special 
Steels for Gas Turbines” by the 
United Steel Companies Ltd. was 
described by W. E. Bardgett and 
G. R. Bolsover. Their paper deals 
primarily with a multi-alloy “steel” 
containing about 45% nickel, 20% 
chromium, 2.7% molybdenum, 3.3% 
cobalt, 3.06 columbium, 3.5% tung 
sten, and 1.2 titanium. Data are 
given both for creep and for gen 
eral mechanical properties after 
different amounts of hot work, test 
ed both transversely and longitudi 
nally. The results show little effect 
of either direction or amount of 
work on the essential properties. 
Properties are also presented of a 
25 chromium, 15% nickel-type 
steel, suitable for combustion cham 
bers. An alloy containing about 
20) chromium, 30° nickel, and 
1‘* titanium, also suitable for com 
bustion chambers, shows remark 
ably good creep resistance at 650 
C. (1200° F.). 


Hot Fatigue Testing 


Apparatus designed and con 
structed for the investigation of the 
fatigue strengths of materials at 
elevated temperatures was de 
scribed by H. E. Gresham and B. 
Hall of Rolls-Royce, Ltd. (Derby) 
Collets for holding the test pieces 
are made of an austenitic steel 
whose life is limited by the loss of 
accuracy of fit by scaling Up to 
500° C. (930° F.) tests adding up to 
many thousands of million reversals 
can be run without trouble, but in 
the 700 to 800°C. range (1300 to 
1470° F.) where oxidation is more 
serious, the life of the collets is 
considerably reduced. Even then, 
10 to 12 runs can be completed 
satisfactorily. 

Alternative and improved mate 
rials with higher scaling resistance 
are being tried, and it is hoped to 
extend the testing temperature to 
950° GC. (1750° F.). In this work, 
simple tests in alternating bending 
have been carried out continuously 
to obtain basic data for design pur 
poses. Fatigue under corrosive con 

(Continued on p., 694) 
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Specially processed copper alloys 


with a money-saving grain structure 


Formbrite is a metallurgical development of 
The American Brass Company applied to copper 
alloys, particularly brass. A special rolling or 
drawing process plus a special heat treatment im- 
part a superfine grain structure to the metal. 

Because of its fine grain and hard surface, sub- 
stantial economies can be effected in polishing and 
finishing. Usually only a simple color buff is re- 
quired before plating. 

As a drawing brass in the form of sheet or strip, 
Formbrite is stronger, harder and more resistant 
to scratching and abrasion—yet so ductile that it 
readily withstands deep-drawing operations. 

In the form of rod and wire, Formbrite has 


about the same strength as regular cold heading 


Formbrite is a trademark of The Americon 
Brass Compony designating copper-base 
alloys of exceptionally fine grain, com- 
bining unusual polishing characteristics 
with good strength and hardness, plus 
excellent ductility 


wire—with good ductility. It is ideal for rivets, 
wood and machine screws and upset products 
generally. A minimum tumble cleans and polishes 
Formbrite fastenings. 

Formbrite is beyond the experimental stage. 
Millions of pounds have been made, sold and 
satisfactorily fabricated and finished. It costs no 
more than standard drawing or cold heading brass. 
If you are cold-working brass in the form of sheet, 
strip or wire, you will want to know more about 
Formbrite. Write for Publication B-39 . . . and if 
you'd like to compare Formbrite with ordinary 
drawing brass in your own polishing room, ask for 
the kit of two sample cups. The American Brass 
Company, General Offices, Waterbury 20, Conn. 


the name to remember in 


COPPER: BRASS: BRONZE 
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a radically new type of 
chromate finish for zinc and cadmium 


NEW LOW MATERIAL COSTS! 


Each gallon of working solution you mix costs from as little 
as 35¢ down to only 8%¢, depending upon solution concentra- 
tion and appearance desired. In addition, you get an extra 
10% discount on material orders for 2000 pounds or more! 


NEW LOW SHIPPING COSTS! 


Iridite * 8P is shipped to you as a dry powder in disposable 
steel pails. No liquids! No carboys! Saves up to 75% in 
freight; travels via low Third Class Rates. Pails take less 
storage space, reduce handling time and costs. 


NEW BRIGHT OR GOLDEN FINISH! 


A sparkling blue-bright finish results when you use Iridite 
*% 8P followed by a simple caustic soda bleach. Or, the 
coating can be produced as a golden-yellow iridescent film 
from a single dip by simply decreasing the concentration. 


NEW ALL-PURPOSE USE! 


New Iridite * 8P can be applied by a simple chemical dip 
to any zinc or cadmium surface . . . plated, diecast, gal- 
vanized or sheet. Mixing is easy since the powder dissolves 
readily into solution. No special equipment or specially 
trained personnel is needed. Corrosion resistance is deter- 
mined by the appearance desired; the choice is up to you. 
But for any appearance you are assured of maximum Iridite 
quality in corrosion resistant and paint base characteristics. 


~ 
5 


4 WRITE FOR FREE TEST SAMPLE or send samples of your product 
LY for finishing with new Iridite + 8P. See for yourself how this 
amazing new Iridite treatment can cut your finishing costs. 


lridite is approved under government specifications. 


Aviirco Research Py 


INCORPORATED 
4004-06 E. MONUMENT STREET © BALTIMORE 5, MD 
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Turbine Alloys 


(Continued from p. 692) 
ditions for example, by sulphur 
gases, lead compounds, and_ salt 
spray has also been examined. 

A further new development in 
the testing of gas-turbine materials 
is an electronic fatigue machine, 
designed to vibrate a specimen with 
rectangular section at much higher 
frequencies than attained with more 
conventional equipment. The drive 
is obtained from a moving coil fed 
from an oscillator, synchronized by 
feedback from a photo-electric cell 
illuminated by a light beam cross- 
ing the specimen. In principle, the 
mechanism resembles that used in 
the moving coil loud-speaker. 

Tentative results on the effect 
of a cold worked surface on the 
fatigue strength of turbine blades 
have already been obtained. Cold 
working of the surface causes no 
appreciable reduction in the hot 
fatigue strength of Nimonic 80A 
when the mean stress is zero, but it 
reduces the fatigue strength when 
the material is subjected to creep 
stresses before fatigue testing. 


Sintered {lloy s 


A cobalt-base alloy of the Vital- 
lium type (containing 64% cobalt, 
30% chromium and 6% tungsten) 
has been made by powder metal- 
lurgy methods. A comparison of 
the properties to be expected from 
this alloy prepared by a straight- 
forward sintering process and a 
similar cast alloy was made by R. 
W. A. Buswell, W. R. Pitkin and 
I. Jenkins of General Electric Co., 
Ltd. (Wembley). They find that a 
product having very low porosity 
can be obtained in the absence of 
a liquid phase during sintering, 
provided the powder characteris- 
tics are suitable and that adequate 
control is maintained over the sin- 
tering conditions. The room-tem- 
perature properties of the sintered 
product compare favorably with 
those of the cast alloy; at high 
temperatures, although the fatigue 
properties of the sintered material 
are encouraging, the creep proper- 
ties, at least above 600° C. (1110° F.), 
are comparatively low. 

Improving the high-temperature 
strength by the introduction of re- 
fractory oxides such as thoria is a 
possibility. The low strength in 
creep may be associated with the 
absence of the intergranular carbide 
networks found in the cast alloy, 

(Continued on p, 696) 








7 BORON STEELS 
GRAINAL TREATMENT 


meets new specifications 


To meet the requirements of boron-treated 
steels, use Grainal Alloys—metallurgically 
engineered multiple-element ferro-alloys con- 
taining boron. 

The combination of elements in these alloys 
is most effective and produces extremely uniform 
results in raising the hardenability of very 
low alloy steels. 


_ 


Nominal compositions of three grades available: 








VANAI 


Vanadium Grainal 
No. 1 


Vanadium 
Aluminum 
Titanium 
Boron 


25.00% 
10.00% 
15.00% 

0.20%, 


UM CORPORATION 


Vanadium Grainal 
No. 6 


Vanedium 
Aluminum 
Titanium 
Boron 


. 13.00% 
12.00% 
20.00%, 

0.20% 


Grainal 
No. 79 


Aluminum 
Titanium 
Zirconium 
Manganese 


or AMERICA 
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rhe present swior STEEL SHORTAGE 


has reduced our warehouse stocks of HY-TEN and Standard 
alloy steels to a sub-normal level. 

This inventory situation is, of course, very unsatisfactory 
but we are doing everything we possibly can to improve it. 

Our aim is to allocate available stocks to our customers in 
the fairest and most equitable way possible. 

D-O certifications on your warehouse orders will aid us 
greatly in supplying your alloy steel needs. 

In the light of current conditions, we suggest that you put 
our metallurgical knowledge and experience to work for you. 

It frequently happens that, when certain exact specifica- 
tions are not available, our metallurgists can recommend 
entirely suitable substitute materials or alternate methods of 
manufacture and treatment. 

Your nearby Wheelock, Lovejoy representative knows 
metallurgy. He stands ready to give you expert assistance in 
solving your problems. 


Ut 


Write today for your FREE COPY of the 
Wheelock. Lovejoy Data Book, indicating your 
title and company identification. It contains com- 
plets technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 


134 Sidney St., Cambridge 39, Mass. 
and Cleveland + Chicago + Detroit 
Hillside, N.J. * Butlale + Cincinnati 


OVER ONE HUNDRED YEARS 


7 fk 1n7 
ABABA 4 
. gill * 
: (| |: ()) A | salen Serrice 
r | A | \ ( e ( AMBIT, CTESELAND 


HILESIDE NY 
BLPREALO 
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In Canada 
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Turbine Alloys 


(Continued from p. 694%) 
and methods of introducing carbon 
into the sintered alloy could be 
devised. The sintered alloy is ap 
parently quite amenable to heat 
treatment. 


Future Needs 


Appropriately enough, the final 
papers in this notable symposium 
were on future possibilities one 
by C. A. Bristow and H. Sutton of 
the Ministry of Supply entitled “Re- 
search and Development on High 
remperature Materials” and the 
other by J M Robertson of C. A 
Parsons & Co., Ltd. (Newcastle 
upon-Tyne) entitled “Future Needs 
in Materials for Land and Marin« 
Gas Turbines”. 

rhe first of these papers con 
sidered problems posed by the rela 
tively short supply of the most valu- 
able metallic elements for making 
the refractory allovs now recog 
nized. This indicates the need for 
the utmost economy in their use 
Researches now under way in Great 
Britain on numerous ternary sys 
tems were listed, and the hope was 
ventured that such metallurgical re 
search might lead to valuable gen 
eralizations on the “design” of creep 
resistant alloys It is known, for 
example, that quite small amounts 
of chemical compounds have vastly 
disproportionate effects on the 
properties of solid solution alloys 

Lines for expected further ad 
vances are in sintered bodies (metal 
and oxide, carbide, or boride), re 
duction of maximum temperature in 
the engine by design, and surface 
protection of refractory but chemi 
cally active metals 

Dr. Robertson pointed out that 
despite present operation of about 
100 gas turbines in service other 
than aircraft, the designs and re- 
quirements are so various that the 
future metallurgical needs can 
hardly be appraised until the de- 
mands are somewhat stabilized. He 
looks for new alloys to be devel 
oped in stainless and nonstainless 
ferritic steels, in age hardenable 
and heat treatable austenitic alloys 
(iron base), in alloys based on 
nickel and cobalt, on chromium, on 
molybdenum, and perhaps on tita- 
nium. Future advances will depend 
upon such an important engineering 
consideration as reliability (margin 
of safety) and the commercial con- 
sideration of cost (both of metal 
and of fabrication). S 





GD) Acheson Gotloits (forporation, Port Huron, Michigan 


... alse Acheson Colloids Limited, Londen, England 











These two non-scaling, non-decar- 
burizing furnaces were installed 17 
years ago... 


These CARBON-CONTROL FURNACES 
are still going strong today 


Industry's first non-decarburizing furnaces for high carbon 
steel were built by Holcroft in 1934 .. . and are still in 
service today! 


Since then, Holcroft research has been responsible for many 
more developments in the field of controlled atmosphere 
hardening. These Holcroft advantages are so well-known 
that almost all modern carbon-control furnaces follow the 
principles established by Holcroft engineers. 


Other Holcroft furnaces are hanging up production records, 
too. If you have any kind of a heat treat problem, you can 
tap this fund of metallurgical know-how by writing today. 


. one of three radiant tube furnaces 
recently built for the same customer. 


BLAZING 


SINCE 1916 


i 


6545 EPWORTH BivD. 
CHICAGO 9 CLEVELAND 15 HOUSTON | CANADA EUR 
C. H. Martin, A. A. Engethardt Wallace F . Schott R.E. McArdle Walker Metal Products, Ltd. s.0.F.1.™ 
4208 South Western Bivd. 1900 Euclid Ave. 5724 Navigation Bivd Windsor, Ontario Paris 8, France 
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Welding 
Air Hardening 
Steels* 


YENERAL concept of the weld- 
F ability of steel envisages some 
measure of evaluation in terms of 
the tendency of the steel to crack 
when welded. Such evaluation usu- 
ally includes, in its appraisal of the 
probability of producing sound 
welded joints, consideration of cer- 
tain factors of joint welding pro- 
cedure, joint design, cooling rate 
and ambient temperature. Unfor- 
tunately, it often happens that re- 
sults of small-scale laboratory tests 
do not correlate well with field 
welding performance, particularly 
where considerable rigidity is de- 
veloped in the structure because of 
its size and shape. This lack of 
correlation appears to be height- 
ened by increasing hardenability of 
the steel used in the structure. 

The “Navy Patch Test” was used 
in the study designed to establish 
suitable welding procedure for 
nickel-chromium-molybdenum steel 
plate in the fabrication of a large 
rigid structure similar to one pre- 
viously erected without difficulty 
using a nickel-chromium steel plate. 
This test permits use of materials 
of greater dimensions than  nor- 
mally encountered in ordinary lab- 
oratory tests and also provides 
means for adjustment of restraint 
across the welded joint over a wide 
range of values. 

The quenched and tempered 
(Brinell 200-230) steel plate used 
was 3% in. thick and had the fol- 
lowing composition: C 0.42, Mn 
0.38, Si 0.15, Ni 3.60, Cr 2.30, Mo 
0.43, Va 0.01%. This steel was 
designated Type A. The _ nickel- 
chromium (Type B) steel plate 
previously used for the fabrication 
had the same temper and hirdness 
and the following composition: 
C 0.30, Mn 0.21, Si 0.05, Ni 3.22, 
Cr 1.30%. 

All welding of “Patch Test” 
plates was performed with -in. 
Type 310 (25 Cr -— 20 Ni) electrodes 
from one manufacturer’s lot. The 
electrodes were stowed during the 
tests in unopened containers in dry 
storage. Welds were made in the 
flat position using a split-weave ex- 
cept that the first two layers were 
deposited with a full weave. Weav- 

(Continued on p. 700) 

* Abstract of “Welding Air Hard- 
ening Alloy Steels”, by Walter H. 
Wooding, Welding Research Supple- 
ment, November 1950, p. 552-s—564-s. 
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METALLURGICAL PROPERTIES 
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SLAG REMOVAL 














The Case of the Right Report 


A perfect rating every time—all the time... 
that’s the performance record of every McKay Elec- 
trode. Experienced welding men know that uniform 
Electrodes, with fully controlled properties, are a 
“must’’ for structurally sound weldments. 

McKay Electrodes are formulated to provide metal- 
lurgically sound weld-metal with specific physical 


properties. Absolute control in each manufacturing 





q McKAY ~< 


_—————— 


ARC-WELDING 


ELECTRODES 


For MILD, STAINLESS & ALLOY STEELS 








wall 





operation assures uniformity in every Electrode in 
the McKay line. 


* . 


Our Technical Staff will appreciate the oppor- 
tunity to recommend the Electrodes best suited 
for your particular needs and send you samples 
for “on-the-job” tests. 


HAVE YOU HEARD ABOUT THE NEW 
McKAY 16 (AWS E-6020) ELECTRODES ? 


“THE McKAY COMPANY 


403 McKAY BUILDING 
Pittsburgh 22, Pa. 
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Welding 
Air Hardening 


4 Nacuum Fusion Steels 
Gas Analyzer. a iadelianicsiaikit 


ing was limited to three times the 
electrode diameter. The mean di 
ameter of the circular groove was 
varied from 4 to 8 in. in 1l-in. incre 
ments. Duplicate patch assemblies 
were made of each steel for each 
condition of preheat and interpass 
temperature used in the study. The 
completed assemblies were radio 
graphed after machining the welds 
flush on both sides of the assembly 
and, where no cracks were indicated, 
the assemblies were sectioned for 
macroscopic examination, 

The Type B steel was studied 
first to determine the restraint level 
(minimum pateh diameter) at 
which welds could be made undet 
preheat and interpass temperature 
conditions normally practicable in 
fabrication. These are regarded as 
a preheat from 70 to 100° F. and 
interpass of 300° F. maximum. In 
the tests, interpass temperature was 
not permitted to drop below 100° F 
It was found that the maximum re- 
straint level for satisfactory weld 
ing of Type B steel is between the 
5 and 6-in. patch diameter. 

With the Type A steel, using 
various conditions of preheat and 
interpass temperature, it was found 
that a preheat of 600° F. and an 
interpass temperature of 600°) to 


A packaged unit to determine 


the content of oxygen, 


700° F. were required to obtain a 
: atisfactory welded joint at the 
nitrogen i pus : 
ge and hydrogen in metals restraint level of the 6-in. patch 
diameter. However, satisfactory 
A wide variety of metals and alloys, including tita welds could be obtained under 


mium, can be analyzed to determine the amount of these temperature conditions, even 


oxygen, nitrogen and hydrogen contained either as TITAN | U M with the 4-in. patch diameter 
combined or dissolved gas, in the range from one per 


cent to approximately 10% per cent by weight Total gas contents 





In all cases, following the com 
pletion of welding, the assembly 
remained in the welding and heat 
ing jig until the prescribed tempel 
ature was uniform throughout the 


The apparatus incorporates the best features and are reported with- 


techniques reported in the literature or known to our in approximately 
laboratory and has been employed for some time in con- the same range as 
nection with our own metallurgical research activities See other metals = 
—S, assembly. rhis equalization usu 
readily mastered. Installation and final testing is per- through the use ally occurred in about one hour. 
formed by one of our trained analysts. of certain special Because these preheat and inter 


techniques pass temperatures are considered 


Operating procedure is relatively simple and can be 


Write for details of Type 09-1240 Vacuum Fusion 
Gas Analysis Apparatus impractical for large fabrication, 


the method of “groove cladding” 
was investigated. The root open 











ing of the groove was increased to 
allow for the cladding layers but 
the mean patch diameter was main 
tained at 6 in. The cladding layers 
National Research Corporation were approximately *% in. thick on 

e the groove face. It was possible to 
Seventy Memorial Drive, Cambridve, Massachusetts make satisfactory welds using this 
cladding method in the 6-in. patch 

(Continued on p, 702) 
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SURFACE COMBUSTION CORP. 


This high speed billet-heating furnace used for production 
forging is fired with gas. Two different Super Refractories 
are used—ALFRAX BI fused alumina and MULLFRAX elec 
tric furnace mullite products. The MULLFRAX material, 
being very dense, and possessing high hort load strength 
is used in the piers supporting the water-cooled skid rails 
ALFRAX BI material is used in the main lining because it 
successfully withstands the high temperatures and flame 
Both of these Super Refractories are relatively 


good insulators and require little backing up material 


crosion 


You'll find Super Refractories by CARBORUNDUM 
in nearly every heat-treating furnace 


Leading furnace manufacturers use Super Refractories ex- 
tensively . . . particularly where there are exacting furnace 
conditions like these: 


Severe abrasive wear. 

Heat shock caused by rapid temperature changes. 

Heavy loads—particularly at high temperatures. 

Flame impingement and erosion. 

Fast, uniform heat transfer to work. Or, insula- 

tion cf other furnace areas. 
For specific examples of recommended applications, write 
today for our 10-page booklet. No obligat 
information. 


mn, much valuable 


DELAWARE TOOL STEEL CORP. 


The CARBOFRAX silicon carbide muffle of this 


controlled atmosphere furnace provides fast 


1 


THE SENTRY COMPANY 


These electrically heated furna 


, cs are 

used primarily for treating small parts. 
nd form | r fer. Ital ir long Ti f re ‘ pped ith 
and uniform heat transfer. It also assures a long- ne furnaces are equipped with 


lasting muffle, free from cracking. Inside the CARBOFRAX muffles, baffles and cover 


muffle is a replaceable hearth which is very re- plates. The unique properties of 


sistant to abrasion since it is made of CARBOFRAX CARBOFRAX material — high thermal 


material. The combustion chamber lining, ex- 


conductivity, high refractoriness, re 
haust ports, door facing, tunnel tile and flame sistance to thermal shock assurc 


block are all made of MULLFRAX shapes. This 
material has the necessary resistance to high 
heat, is not prone to spall and crack, and is a 
relatively good insulator 


efficient furnace operation and long 

lasting refractory parts. The trays 

which carry the work are also made of CARBOFRAX material 
Because they have to go rapidly from room temperature to fur 
nace heat and back to room temperature again, the heat shock 
is severe. Nevertheless, these trays stand up extremely well 


Perth Amboy, N. J. 


Carborundum,’ ilfrax,” “Carbofrax,”’ and " Mullfrax” are registered trademarks which indicate manufacture by The Carborundum Company 
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METAL POWDERS 
FOR 


MILITARY NEEDS 


PLASTIC METALS, a leading pioneer in the de- 
velopment and production of metal powders, offers a 
background of 17 years of commercial experience and 
“Know How” in the solution of powder metallurgy prob- 
lems and in the successful application of metal powders 
to many civilian and military products. We are prepared 
to work with ordnance designers and manufacturers and 
are equipped to meet fully joint Army-Navy and other 
specifications. We will be pleased to consult with your 
research and engineering staff regarding your particu- 
lar problem. 


IRON POWDER—For shell rotating bands; for parts for 
guns, tanks, airplanes, jeeps, trucks, missiles and other 
military items; for electronic cores and magnets used in 
radio, radar, sonar and other communication and detec- 
tion equipment; and for a wide variety of additional 
applications essential to National Welfare and Defense. 


NICKEL POWDER—For any military uses wherein nickel 
is required in powdered form. Plastic Metals is qualified 
and ready to produce nickel powder to suit special re- 
quirements. 


MANGANESE AND SILICON POWDERS—For applica- 
tions in the manufacture of fuses, flares, incendiaries 
and pyrotechnics. 


MAGNETIC IRON OXIDE—For thermit mixtures used 
in incendiary bombs and other applications. 


POWDER PRODUCTION FACILITIES—Plastic Metals 
has large scale electrolytic, reduction, pulverizing and 
screening facilities suitable for the processing of many 
types of powders in addition to those listed above and is 
ready to cooperate in the solution of problems involving 
such products. 


For more detailed information, write to 


PLASTIC METALS 


DIVISION OF THE NATIONAL RADIATOR COMPANY 
JOHNSTOWN, PENNSYLVANIA 
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Welding 
Air Hardening 
Steels 


(Begins on p. 698) 
diameter with a preheat of 70 to 
100° F. and a maximum interpass 
of 150° F. 

Upon checking these welding 
conditions in production activities, 
it was found that with the high 
preheat and interpass temperatures 
established for the unclad_ butt 
joints cracking occurred in the 
heat affected zones. The “cladding” 
method, however, produced satis- 
factory welded joints in the Type A 
steel at the low temperatures previ- 
ously indicated. A further check 
on the procedure used for the 
unclad butt welds revealed that the 
preheat temperature had not been 
maintained after completion of the 
weld in the production tests as had 
been done in the laboratory tests. 
This suggested the possibility that 
the thermal behavior of the Type A 
steel might be partly responsible 
for the different behavior in the 
two tests. 

Investigation of temperature- 
dilation characteristics of the two 
steels indicated similarity and Jom- 
iny end quench tests indicated sim- 
ilar hardenability. 

Isothermal transformation char- 
acteristics of the Type A steel were 
investigated by depositing with the 
Type 310 electrode a single weld 
bead 1 in. long on pieces of plate 
2x1x% in. under a variety of 
preheat temperatures. The weld 
bead was deposited, using a_ volt- 
age-control machine welder, par- 
allel with the 2-in. dimension of 
the plate specimen. This was par- 
allel with the major direction of 
rolling of the plete. Preheat tem- 
peratures of 175 to 900° F. were 
used in 50° F. increments. After 
welding, each specimen was held 
at the preheat temperature for a 
predetermined period of time and 
then quenched in ice water at 32° F. 
With preheats of 415 to 900° F., the 
welded specimens were held at tem- 
perature for periods from 2% to 
400 min. and from 18 to 120 hr. 
With preheats of 175 to 400° F., the 
time of hold before quenching was 
10 min. 

Martensitic transformation char- 
acteristics of the Type A steel were 
determined using preheat tempera- 
tures of 175 to 400° F. After weld- 
ing, each specimen was held at the 

(Continued on p. 704) 








For Complete 
Departments or 
Any Type of 
Heat Treating Furnace 


Whether it is the designing and 
construction of a Complete Plant, 
a complete Heat Treating Line 
or a single unit, the Loftus or- 
ganization, one of the largest in 
the country with specialists in 
all phases of industrial heating, 
is equipped to handle any com- 
mitment with skill and exact- 
ness—and with undivided 


responsibility. 


LOFTUS ENGINEERING 
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There’s a Westinghouse Furnace to provide the exact answer for every 
heat-treating application, gas or electric: 

© standard types for established techniques and practices 

*® semi-standard types and auxiliaries 


* special furnaces engineered to your specifications and 
production system 


Consult Westinghouse first! See your nearby Westinghouse representa- 
tive, or write Westinghouse Electric Corporation, Industrial Heating 
Division, Meadville, Pennsylvania. J-10361 


as . 
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Welding 
Air Hardening 
Steels 


(Continued from p, 702) 
preheat temperature for 10 > min. 
followed by tempering at 850° F. 
for 30 min. and quenching in water 
at 32°F. Specimens were sec 
tioned normal to the weld bead 
immediately upon reaching room 
temperature and prepared for 
micro-examination at 200 to de- 
termine the per cent of transforma- 
tion product occurring in the heat 
affected zone of the plate adjacent 
to the weld bead. 

In a number of the weld bead 
specimens, welded at preheat tem- 
peratures well above the marten- 
sitic transformation temperature, 
underbead cracks were found. 
These cracks were not found where 
transformation had progressed suf 
ficiently to form about 8% of bain- 
ite in the heat affected zone. At 
700° F., cracking persisted up to a 
96-hr. hold at that temperature; 
specimens quickly cooled to below 
the martensitic transformation tem- 
perature and tempered at 850° F. 
prior to quenching to 32° F. did not 
show cracks. It should be noted 
that these cracks occurred at com- 
paratively low levels of restraint as 
represented by the weld bead speci- 
men. Therefore, it is not believed 
that hydrogen was a factor in the 
underbead cracking observed since 
a 40-min. hold at 450° F. showed 
no cracking whereas at 700° F. a 
96-hr. hold was required to accom- 
plish this result. 

On the basis of the transforma- 
tion data obtained, it is indicated 
that a one-hour hold at temperature 
from 400 to 600° F. does not develop 
transformation product much = in 
excess of the minimum required to 
avoid underbead cracking. At tem- 
peratures below 400° F., it would 
appear that sufficient transforma- 
tion could not take place without 
an excessively long holding time 
and it is probable that, in the patch 
test, the restraint imposed by the 
6-in. patch diameter at these lower 
temperatures developed stresses ex 
ceeding the fracture stress of the 
heat affected zone. 

In view of these data, and the 
general assumption that preheating 
effectively reduces the cooling rate 
by reducing the rate of heat dis- 
sipation, it was thought desirable 
to study the influence of preheat 

(Continued on p. 706) 
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where you need only the 
solid surface 


CLAD METALS 


If you don’t use the ‘‘inside”’ of the gauge thickness 
in your copper strip applications, have the core of 
plain steel—and save money as you save essential 
copper for defense! With SuVeneer Clad Metals, you 
get the dense, solid surface of copper, bonded in- 
separably to low carbon strip steel on one or both 
sides. You get the performance you need, at lower 
cost. @ Write for the detailed facts. 





a 
Superior Steel 
en 2208 2 Sener. 


CARNEGIE PENN Y V AWN ry 








NEW-/MPROVED! 


BLACK OXIDE process 


for STEEL and IRON 


As pioneers in the field of black finishing, our labora- 
tories have now produced this new blackening salt which 
is a decided improvement over regular types — both 
in speed of application and corrosion resistance — plus 


ease of blackening previously hard-to-blacken items. 


% One bath! One salt! 


Compare these 


outstanding features! %& Faster blackening cycle 


% More corrosion resistant 
% Lower operating temperatures 
% Self rectifying 


% Easily blackens heat treated parts 


Write for further details Send items of your own manufacture for sample processing. 


MITCHELL-BRADFORD CHEMICAL COMPANY 
MODERN METAL FINISHES 


2446R MAIN ST, STRATFORD, CONN, 


BLACK-MAGIC OXIDE BLACKING SALTS » SILCO Glass-Base PROTECTIVE COATING 
WITCH-DIP & WITCH-OIL FINAL FINISHES HEAT TREATING SALTS, CLEANERS. ETC. 
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hetter measurement and control of 


Wherever highest accuracy and complete reliability in 
flow measurement and control are vital to successful process- 
ing, it is significant that Foxboro Instrumentation is 
preferred. Whether your problem involves gas, steam, or 
liquids . . . in pipes, ducts, or open channels . . . the premium 
quality and complete diversity of Foxboro Instruments, 


backed by unequaled application experience, assure 
you an extra measure of satisfaction. 


indicators * recorders * controllers * integrators 


transmission systems * controlled valves * orifices 
venturis * nozzles * pitot tubes 


Reg. U. 8. Pat. Of 


For over 40 years, spetialists in the measurement and control 
of temperature, pressure, flow, liquid level, humidity . . . 





THE FOXBORO COMPANY » FOXBORO, MASSACHUSETTS, U.S.A. 
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Here's a fund 
of knowledge 
to Re 


a srwant fo} ante) 
DEFENSE 
PRODUCTION 
EXPERIENCE 





DEFENSE production spells 
tougher materials and new ma- 
terials such as high temperature 
alloys and super stainless steels. 
Such metals and the tolerances 
and finishes required by Armed 
Services specifications bring new 
problems to plants experienced 
in civilian production. 

D. A. Stuart Oil Co. has a 
tremendous backlog of experi- 
ence in helping solve defense 
machining problems through 
correct application of the proper 
cutting fluids. 


This fund of information, 
preserved and developed, is 
available to help you if you are 
engaged in defense work. 


Use Stuart as your clearing 
house for helpful information. 


WRITE TODAY, or call 
our nearest office outlining 
your specific problems. 


Trensportation 


DA. Ctuart [il °° 
2743 S. Troy St., Chicago 23, Il, 
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(Continued from p. 704) 
upon cooling rate. This was ac- 
complished by use of the patch test 
in a 24x24x1-in. plate with a 
6-in. patch diameter together with 
a single weld bead test in which a 
10-in. long weld bead was laid in 
the center of a 12x 12x 1-in. plate. 
Preheat temperatures up to 500° F. 
were used in the weld bead test but 
a single preheat of 150° F. 
for the patch test. 

The heat affected zone cooling 
rate occurs in two stages. The first 
stage, which exists from 20 to 40 
sec. after weld deposition, appears 
to be associated with the quenching 
effect of the base metal. The second 
and final stage, in which the rate 
of cooling is much reduced, ap- 
pears to be associated with heat 
radiation from the plate surface. 
The only major differences to be 
noted between the various preheats 
are the temperatures at which the 
first siage changes to the second 
stage. This change occurs at 800, 
700, 600, 425 and 375° F. for pre- 
heat temperatures of 500, 400, 300, 
150 and 70° F., respectively. In the 
patch test this change occurs at 
about 800° F, 

With the same preheat tempera- 
ture of 150° F., the weld bead and 
the patch test indicate comparable 
cooling rates during the first stage. 
However, during the second stage 
the weld bead specimen shows a 


was used 


cooling rate about twice as great as 
that of the patch test specimen. 

From the test data it is indicated 
that preheat has no appreciable 
effect in reducing the severity of 
base metal quench. Also, preheat 
does not affect the cooling rate as- 
sociated with heat radiation from 
the plate surface sufficiently to per- 
mit formation of high-temperature 
transformation product prior to 
reaching the martensitic transfor- 
mation temperature. 

It is only by regulation of pre- 
heat and interpass temperatures be- 
tween 450 and 600° F. and holding 
this temperature for 10 to 12 hr. 
after welding that satisfactory 
welds can be obtained under high 
levels of restraint with the Type A 
steel. This is considered to be im- 
practical for heavy fabrication and 
the one alternative appears to be 
use of the cladding method under 
high restraint. W. L. WARNER 
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“AN three available in 
GORDON 
THERMOCOUPLES 


A background of many yeors of 
experience and “know-how” go 
into the production of Gordon Plati- 
num, Platinum-Rhodium Thermocou- 
ples From this experience has 
evolved the Gordon policy which 
calls for the utmost in quality and 
service, the utmost in value to clients. 
That is why Gordon piatinum wire 
is carefully checked for thermocou- 
ple accuracy against a master ther- 
mocouple...calibrated and certified 
by the National Bureau of Standards. 
The porcelainginsulation and pro- 
tecting tubes Which go into a com- 
plete thermocouple assembly ore of 
the finest qpolity obtainable. They 
ore the best known meons of pre- 
venting contamination of the ele- 
ments which result in false e.m.f. values. 
Also, the Gordon G-142 head which goes 


into a complete thermocouple assembly is 
light in weight and permits easy replace- 
ment of new elements into a protecting tube 
assembly. 

The Gordon Policy —highest quality 
and standards of material — plus Gordon 
craftsmanship at the lowest possible price. 


Write now for full information and price list. 


>< SERVICE: >: 
CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls « Metallurgical Testing Machines 
Dept. 15 + 3000 South Wallace St., Chicago 16, II! 
Dept.15 - 2035 Hamilton Ave., Cleveland 14, Ohio 
@ 








the HIGH POINT in Modern High Speed Steels! 
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NOTE: 


Vasco Su- 
preme A—a 
Class A steel 
—is not re- 
st e y 
Limitation 
Order M-30. 





When you have high production requirements or materials to cut that are difficult to 
machine, you'll do better with SUPREME! Let us have our experts guide you in its use. 


SUPREME Performance Facts 

In boring spring steel locomotive piston rings: 15 times longer wear than 18-4-1 . 
Turning SAE 4145 steel: lasts 18 times longer than cast alloy ... Facing heat-treated 
spring steel wear plates: 24 times better than previous best tool steel ... Broaching 
gray iron: 5 times the former production on first grind, 30 times longer wear on second 
grind ... Shearing pre-worked carbon steel: 16 times the performance of cobalt high 
speed steel formerly used. These few out of hundreds of similar filed reports will be gladly 
detailed to you on request. 


Vosco Supreme and Vasco Supreme A steels developed by Vanadium-Alloys Steel Co. are 
fully covered by U. S. Patents 2174285 and 2174286. Bewore of unlicensed imitations 


Vanadium-Alloys 


STEEL COMPANY 
LATROBE, PA. 


COLONIAL STEEL DIVISION « ANCHOR DRAWN STEEL CO. 








ENGINEERS AND 
DESIGNERS 
This is for 


“3 KEYS TO 


| 
| 
| 


72 pages of valuable information 
on scientific design and metallurgical 
data—write for it now... 


Success in designing steel 


localized stresses — good de- 
sign and bad design from 
the metallurgical viewpoint- 
steel selection and treatment 
as they affect the design engi- 
neer. This invaluable book 
gives the answers! 
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Climax Molybdenum Company 





Please send your 
FREE BOOKLET 
KEYS TO SATISFACTION 
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Clad 
Steel Plate 


(Continued from p. 672) successful 
process, but there were many times 
during its development when the 
research department was aware of 
what they did not know and there 
were few opportunities to indulge 
in the folly of dogmatism. The 
forces exerted in the “Big Mill” to 
bond the hot metals readily found 
any weak spots in the welds that 
were supposed to hold the assembly 
as a unit. The parting compound 
would sag or shift. The two metals 
often acted obstinately as though 
they did not want anything to do 
with each other. Other difficulties 
too numerous to mention appeared 
singly or en masse during 
days — and _ nights. 

The most fundamental require- 
ment was a perfect and homoge- 
neous bond between the carbon steel 
and the stainless, if these clad steels 


were to serve 


those 


as corrosion resistant 
materials of construction. Unbonded 
welds and openings 
would permit the corrosive contents 
in a vessel to enter and attack the 
carbon steel backing plate. The two 
metals had to form an integral bond; 
there 


this respect. 


areas near 


could be no compromise in 
It was of equal signifi- 
cance that the cladding should roll 
uniformly in its thickness across 
the full area of the plate, since bare 
or thin spots might result in early 
failure during service. The metal- 
lurgical structure of the expensive 
surface layer had to be maintained 
or restored in the finished product 
in order to be fully resistant to cor- 
rosion, For the same reason it must 
be free of heating effects and me- 
chanical imperfections. 
other 


These and 
conditions had to be met, 
vet the procedures had to conform 
with mill facilities and schedules. 

The significant factors for the 
production of these clad steels were 
the parting compound, nickel plat- 
ing of the corrosion resistant alloys, 
and the world’s largest installation 
for descaling with’ sodium hydride. 

The parting compound is applied 
to the surfaces of the two corrosion 
resistant slabs that face each other 
in the sandwich. It prevents them 
from welding together in the rolling 
mill Since steel ingots and clad 
steel assemblies are heated in the 
soaking pits in a vertical position, 
to utilize the pit area properly, the 
parting compound must not run or 
sag, even after 10 to 16 hr. firing 
and a temperature (Cont. on p. 710) 








A TRIED and PROVEN 
SOURCE FOR 
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MACHINES | 








BRINELL 

DUCTILITY 
COMPRESSION 
TENSILE 

UNIVERSAL 
TRANSVERSE 
HYDROSTATIC 
PROVING INSTRUMENTS 


and 
Special Testing Machines built 
to your Specifications. 





Send for 





8835 Livernois « Detroit 4, Mich. 
Without obligation send me your brochure 
on testing instruments. Also special folders on 
following types (check your interest) 

[_] Brinell Hardness [_] Duetility 

(_] Compression (] Tensile 





(_] Transverse (_] Hydrostatic 
(] Proving Instruments 
NAME 
TITLE 
Attach coupon to your letterhead 





and mail 











Mobilizing 
Machine 
Tools 


Mn OUTPUT is the nation’s urgent need. 


Quality is wanted in quantity . and double- 
quick. So champion expediters are needed. 
rhere’s an all-star team of these expediters in 
the complete Cities Service line of industrial lu- 
bricants for every machine tool . . . every related 
operation. The crack quarterback in the line-up 
is the Cities Service Lubrication Engineer. 
Each Cities Service item is rizht, or it wouldn’t 
be in the line. On top of full quality, Cities Service 
affords users the speedy convenience of one re- 


sponsible, progressive source of supply. 


: 


» CITIES 


And now when methods and products may be’ 
in line for fast changes, there’s extra value in 
the know-how of the Cities Service Lubrication 
Engineer. His business is improving machine 
tool and shop lubrication to help you boost pro- 
duction. He knows his business. His address is 
Cities Service Or. COMPANY, Room 968, Sixty 
Wall Tower, New York City 5. Write. Or phone 


your nearest Cities Service office. 


(A) SERVICE 


QUALITY PETROLEUM PRODUCTS 
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HARDNESS TESTER 


Better Engineered 
for Better 
“Rockwell” Testing 





Medei C-8 A 
$450.00 F.0.B. Detroit 
Complete with diamond penetrator 


For your ‘’Rockwell” test- 
ing, you want an instru- 
ment that gives you results 
of unquestioned accuracy. 
Years of research have 
gone into making the CLARK 
Hardness Tester just such a 
precision instrument. 

The CLARK gives you accu- 
rate results for every pro- 
duction requirement. It is 
durably built to give you 
years of dependable serv- 
ice. It is fast and simple 
to operate; easy to main- 
tain. Compare the CLARK 
and see for yourself how 
much more it has to offer. 


INSTRUMENT, INC. 


10200 Ford Road « Dearborn, Michigan 
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Clad 
Steel Plate 


(Begins on p. 671) of 2350 to 2400° 
F. Any displacement would allow 
the clad surfaces to stick together 
during rolling. 

The nickel plating is largely re- 
sponsible for the integral bond be- 
tween surface layer and its backing. 
It prevents the formation of chro- 
mium oxide, fatal to strength and 
continuity. But an equal benefit is 
that this nickel layer is a barrier to 
carbon migration from the carbon 
steel backing plate into the cladding. 
It thus preserves the composition 
of the stainless alloy, unimpaired 
throughout its entire thickness. 

Final cleaning and surface treat- 
ment are of utmost importance for 
a long life of usefulness. Sodium 
hydride descaling and subsequent 
acid washes remove surface impuri- 
ties by chemical means, thus retain- 
ing the smoothness of rolled plate. 
In this respect, the sandwich method 
provides the maximum protection of 
the valuable surface, since it is 
sealed completely within the pack 
during heating and rolling. 

As to the composition of the 
backing material or base metal, the 
normal grades of the A.S.M.E. boiler 
code and other standard specifica- 
tions for carbon and low-alloy steels 
may be used. This includes the 
70,000-psi. minimum tensile types, 
if desired. The most common selec- 
tion is A.S.T.M. A-285 or A-201, both 
55,000-psi. minimum tensile strength. 
The corrosion resistant metals com- 
mercially and regularly clad on car- 
bon steel include nearly all the 
varieties of stainless steels, nickel, 
Monel, Inconel, copper and silver; 
aluminum clad steel is the latest 
addition to the group. Tantalum 
and Hastelloy clad steels may ap- 
pear in the near future. 

The dimensions of commercially 
available plates range from % to 6 
in. in total thickness, and up to 480 
in. in length or 178 in. in width. 
(The available length and width 
vary with the total weight of the 
plate involved.) Double clad steels 
are also made stainless, for exam- 
ple, on both sides of carbon steel 
and find their general application as 
partitions in tanks. Pressure vessel 
heads made of clad steels are hot 
spun to the same shapes and gages 
as are carbon steel heads. 

The clad steels are generally sup- 
plied to an ordered thickness of 
cladding, expressed in a percentage 

(Continued on p. 712) 





MARTINDALE 


ROTARY BURS AND FILES 


Made of high-speed steel. Produced 
in our own factory where uniform hard 
ness is assured by heat-treating in elec- 
tric furnaces on which the temperature 
is closely controlled by electric eyes 


AF (Files) 


Sets AB & AF Per Set 

1 set $11 O5 net 
2 to 11 sets 9.75 net 
12 or more 8.45 net 


The above sets, with 4” diameter 
shanks, are composed of the 8 most 
popular sizes for general use 

Over 200 sizes and shapes (total over 
75,000 pieces) are carried in stock for 
immediate shipment 


METAL-WORKING SAWS 


Made of 18-4-1 High Speed Steel in 
4 types for ferrous and nonferrous metals 
Diameters range from 134” to 4” 


“MOTOR-FLEX” GRINDERS 


These high-quality, portable flexible 
shaft tools are made in 7 types for opera 
tion on bench, floor, or overhead 

Write for 64-page Catalog No. 28 
covering above and many other products 
for maintenance, safety, and production 


MARTINDALE ELECTRIC CO. 


1372 Hird A , Cleveland 7, Ohio 








for yo 
this handy «© 
gineer® finget- 
reference 


up 
file. 








CEA 


LOOK 
AT THESE 
SAVINGS 


53/%...74/ 


of noble metal 


thermocouple cost 


WITH 


ENGELHARD 


RECLAIMING PROCESS 


ON ONE 30” long platinum ther- 
mocouple, the Engelhard Reclaim- 
ing Process saved 53% as compared 
to the cost of a new unit. On an- 
other, the saving was 74%. These are 
typical examples of how Engelhard 
Reclaiming — including applica- 
tion of scrap value of old noble 
metal thermoelements against cost 
—can stretch your equipment dol- 
lar. What's more, Engelhard re- 
stores old thermoelements to like- 
new condition ... in just 48 hours, 
if necessary. 


ENGELHARD also manu- 
factures a line of wide- 
range thermocouples 
and accessories to meet 
your specific conditions 
of atmosphere and tem- 
perature. For complete 
information on either 
Repairs and Reclaiming 
or New Couples, fill out 
coupon below and mail 
today. 


ZOovcOn r-pzt 


Please send me: 


(— Data on Engelhard Reclaiming Process 
(C0 Free copy of Engelhard Bulletin 330-D 


CHARLES ENGELHARD, INC. 


850 PASSAIC AVENUE, EAST NEWARK, N. J 
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Steel Plate 


710) 
thickness. 


(Continued from p. 
of the total 
The possible range varies from 5 to 
50%, although industry generally 
has standardized on 10 and 20% 
However, field of application 
has become accustomed to a fixed 
thickness of cladding; for example, 
er in. stainless steel will be used on 
‘%-in. or 3-in. thick carbon 
base metal. 

All these advantages would be 
sullied if the fabricating operations 
were difficult. As to this important 
fundamental requirement, the clad 
rolled, bent and formed, 
hot or worked, in the 
manner and to the 
as used for 


composite 


one 


steel 


steels are 
cold same 
same tolerances 
carbon or low-alloy 
Thousands of tons have been 
processed in all the larger fabricat- 
ing shops in this country with no 
unusual precautions being necessary. 

Clad is gas cut with any 
regular equipment for this purpose 
when the steel side is placed up- 
ward, facing the torch. The flame 
through the carbon steel and 
then penetrates the cladding, which 
otherwise is resistant to 
gas cutting. 

Welding — Clad steel plates are 
beveled to any desired type of 
for welding, and carbon steel 
is deposited by hand or automatic 
welding to fill the joint. The clad 
side of the seam is then chipped or 
ground to sound weld metal, thus 
providing a suitable groove for the 
alloy weld metal. This clad side of 
the joint is usually welded with an 
electrode that is richer in the spe- 
cial elements than the cladding. For 
example, 18-8 clad is welded with 
25-12 or 25-20 Ni-Cr electrodes. Two 
weld passes or layers are generally 
sufficient. 


steels. 


steel 


cuts 


ordinary 


groove 


Only a like composition is avail- 
able as an electrode for 
cially pure nickel cladding; under 
such conditions, a series of small 
beads is deposited in the groove to 
keep glilution to a minimum. How- 
ever, in respect to nickel, specifi- 
cally, an 80-20 Ni-Cr electrode offers 
considerable 
elements, 


commer- 


assistance, since these 
with small 
. produce an Inconel 
alloy in the weld, which 
high degree of corrosion 
Steels, clad with Monel, 
copper, Inconel, and silver are 
ilarly welded with 
selected electrodes. 

(Continued on p.714) 


combined 
amounts of iron 
type of 
offers a 
resistance. 
sim- 
appropriately 





A simple method of 
controlling temper- 
atures in: 


© WELDING 

© FLAME-CUTTING 

© TEMPERING 

© FORGING 

© CASTING 

© MOLDING 

® DRAWING 

© STRAIGHTENING 

@ HEAT-TREATING 
IN GENERAL 





it's this simple: Select the 
Tempilstik® for the working 
temperature you want. Mork 
your workpiece with it. When 
the Tempilstik® mark melts, 
the specified temperature has 
been reoched. 


gives up 
te 2000 
readings 





Available in these temperatures ( F) 





113 | 263 | 400 950 
125 | 275 1000 
138 | 288 | soo | 1050 
150 | 300 | 550 1100 
463 | 313 | 600 | 1150 
325 | 650 | 1200 
338 | 700 | 1250 
350 | 750 | 1300 
363 | 800 | 1350 
375 | 850 | 1400 
388 | 900 | 1450 


RES —Tempil® “Basic Guide 
to Ferrous Metallurgy” 
— 16%” by 21” plastic-laminated wall 


chart in color. Send for sample pellets, 
stating yp aan of interest to you. 


1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 
1950 
2000 























CLAUD S. GORDON CO. 
Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnoces & Ovens 
Pyrometers & Controls « Metallurgical Testing Machines 


Dept. 15 + 3000 South Wallace St., Chic 16, i. 
Dept. 15 + 2035 Hamilton Ave., Clevel 14, Ohie 





standard references all 


Companion to their other constantly-referred to works 

(and considered virtually as indispensable) are the Picker X-Ray 
Accessory Catalogs on the bookshelves of thousands of 
metallurgists, production control engineers, radiographers, 


and purchasing agents. 


This catalog has long been a standard reference for materials used in 
industrial radiography and fluoroscopy . . . probably the most 
complete source book for x-ray supplies extant. It embraces 

not only Picker-made products, but a host of others gathered 

from all over the world, and offered under the Picker 

guarantee. You can get a copy by calling any local 

Picker office (there’s one in all principal cities) 

or writing to Picker X-Ray Corporation, 


300 Fourth Avenue, New York 10, N. Y. 





all you expect |... and more 
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Model HOU -9715-M-26 for annealing fused quartz parts 
Photo Courtesy P. R. Mallory Co. ec 


iy Harper Electric Muffle Furnaces designed 
for heating materials in an oxidizing atmos- 
phere fill the need for many general operations 
in research laboratories, tool rooms and pro- 
duction work. Uses include general heating 
of metals and alloys, annealing processes, dry- 
ing of precipitates, ash determinations, igni- 
tions, enameling and ceramic firing. 
Counter-balanced recessed sliding doors facil- 
itate rapid charging and discharging during 


MUFFLE 
FURNACES 


Operating Temperature 2350°F. 
Maximum Temperature 2500°F. 


special processes Properly located elements 
placed over and under the muffle assure uni- 
form temperature throughout the heating 
chamber. Temperature uniformity is further 
assured by elimination of the usual cold vesti- 
bule by means of the unique recessed door de- 
sign. 


Available in several standard sizes. 
for Bulletin 346. 


Write 


Furnaces for higher temperatures, more 
rapid heating and with atmosphere controls 
also available. Address inquiries to Pept. 7. 


HARPER ELECTRIC FURNACE CORPORATION 


39 River Street, Buffalo 2, New York 





For Every Heat Treating Problem 


Our Serwices: 


Electronic Induction Hard- 
ening, Flame Hardening, 
Heat Treating, Bar Stock 
Treating and Straightening 
(mill lengths and sizes), 
Annealing, Stress Reliev- 
ing, Normalizing, Pack, 
Gas, or Liquid Carburizing, 
Nitriding, Speed Nitriding, 
Aerocasing, Chapmanizing, 
Cyaniding, Dry Cyaniding, 
Sand Blasting, Tensile and 
Bend Tests. 


Lakeside is scientific heat treating, flame hardening and induction hardening 
headquarters for all your steel—from rough forgings, castings and bar stock, to 
finish-machined precision parts—all sizes, shapes, quantities. Here is your 
area's largest, most modern steel treating plant. Call or write today! 





|? 4 S418 LAKESIDE AVE., CLEVELAND 14, OHIO 
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Clad 
Steel Plate 


(Continued from p. 712) 

It seems apparent that the chem 
ical and physical properties of these 
clad steels thoroughly justify their 
existence. The A.S.M.E. Boiler Code 
has long accepted them as qualified 
materials of construction for pres- 
sure vessels. In fact, the A.S.M.E. 
and the A.P.L-A.S.M.E. codes permit 
the use of the full, composite thick- 
ness of a clad steel in designing 
vessels to operate under their juris- 
diction, provided the two metals be 
integrally joined and pass a shear 
test with a minimum bond strength 
of 20,000 psi. Of the many tons of 
clad steel plates subjected to this 
test, none has yielded less than 
40,000-psi. shear, and generally they 
test 45,000 to 50,000 psi., approxi- 
mately equal to the shear strength 
of carbon steel itself. 


Resistance to Heat Fatigue 


For this reason, tray rings and 
other supports in the interior of a 
vessel may safely be welded directly 
to the cladding. Further evidence 
of a perfect bond has been demon- 
strated by tests in which 2000 cycles 
of heating and quenching (1000° F., 
and even 1800° F., to 400° F.) have 
been applied to rigid specimens, in- 
cluding steels clad with austenitic 
stainless having a large difference 
in coefficient of expansion. 

Where distortion and warping 
occur, due to the high coefficients 
of expansion found in some of the 
Stainless steels, for example, the 
lighter gages are better able to 
maintain their shape, because of the 
greater proportion of 
which is present. 


carbon steel 

A fabricating advantage is this 
Attachments to heavy hydraulic ma- 
chinery are more easily made when 
welded to the carbon side of a clad 
steel than though the solid special 
metal were used throughout. 

Are there any 
clad steels 
stitutes for 
alloys? 


applications for 
aside from mere 
more expensive, solid 
As a matter of fact, there 
number of such interesting 
developments in which clad steels 
(or properly bonded bimetals) do 
supply a unique quality or property 
of their own. 

In the way of illustration, an im- 
portant unit in its operation expels 
exhaust gases while being immersed 
in salt water, thus encountering two 

(Continued on p. 716) 


sub- 


are a 





The RCA Electron Microscope, Type EMT 


IN MEDICINE (Bacteria 20,000X). Bacteria and 
viruses can be studied to yield new data on mor- 
phology and structure, 


IN CHEMISTRY (Road Dust 6000X). Extremely 
useful for studies of particle size, shape, and 
distribution. 


IN METALLURGY (Stainless Stee! 20,000X). 
Electron micrographs of metal specimens pro- 
vide clearer representation of structure and 
surface detail. 


NEW LOW-COST ELECTRON MICROSCOPE 


... for industry, medical science, and education 


This new RCA Permanent Magnet Electron Microscope, 
Type EMT, brings the many advantages of electron mi- 
croscopy within reach of more laboratories, schools, and 
hospitals. The use of Permanent Magnet lenses reduces 
bulk and achieves permanent stability of operation. Al- 
though the Type EMT costs only one-third as much as 
the larger research model, it fills the major requirements 
of research and control application. Its special features 
are compactness, simplicity, and ease of operation. 


RCA's new Permanent Magnet Electron Microscope 
gives direct magnifications to 6000 diameters. A built-in 


SCIENTIFIC INSTRUMENTS 


RADIO CORPORATION of AMERICA 


ENOIMEERING 





78 of r as. 


in Conede: RCA VICTOR Compeny Limited, Mentrest 


camera makes it possible to obtain useful photo-enlarge- 
ments to 40,000 diameters. Resolution extends to 100 
Angstrom units, which is 20 times as powerful as the light 
microscope. Depth of focus extends to 10 microns, ap- 
proximately 150 times that of the light microscope. Spec- 
imen images are viewed on a two-inch diameter screen. 
Specimens are inserted without breaking the vacuum 


The electron micrographs, appearing above, made with 
the new Table Model EMT, illustrate a few typical appli- 
cations, We'll be glad to send you complete description 
and specifications. Just write, or use the coupon. 


Scientific Instruments, Dept. Q-101 
Radio Corporation of America, Camden, N. J 


Please send me information on RCA 
Electron Microscope, Type EMT 


Name 
Company 
Street 


City — 


May, 1951; Page 715 








your own 
INERTS 


Kemp Inert Gas Generators 
Save $9 of the $10 you now 
spend for Inerts 


Need inerts for purging, fire pro- 
tection, mixing, blanketing or a 
special application? You can save 
up to 90°% on Inert Gas costs when 
you generate your own inerts with a 
Kemp Inert Gas Producer. The 
cost of transportation, bottle jug- 
gling, storage, deposits on cylinder 
inventories and the initial higher 
cost of bottled nitrogen or C02 is 
eliminated. 
ABSOLUTELY DEPENDABLE 

No matter what the demand, 
Kemp Inert Gas Generators give 
you the same analysis Inert Gas 
from 20% to 100% of capacity. 
The Kemp Industrial Carburetor, 
part of each installation, burns 
ordinary gas just as it comes from 
the mains. Assures complete com- 


bustion without “tinkering.”” Pro- 
duces a clean, chemically inert gas 
to meet your most exacting require- 
ments. 


SEND FOR DATA 
Whatever your requirements, al- 
ways specify Kemp. To find out 
how you can benefit: Tell us your 
atmosphere gas problem, and we'll 
show you how Kemp can solve it 
and save you money! 


; . I M p INERT GAS GENERATORS 
A Write for Bulletin 1-10 for technical 
information C.M. KEMP MFG. CO. 


OF BALTIMORE 
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405 E. Oliver St., Baltimore 2, Md. 





Clad 
Steel Plate 


(Continued from p. 714) 
different corrosive conditions. \ 
double clad steel has been developed 
for this purpose, with carbon steel 
between. 

Another example is met in the 
concentrating of caustic soda. Pure 
nickel and nickel clad steel provide 
excellent protection. In some heat 
exchangers, heavy walled tubes, in 
which gas is burned, are submerged 
in a bath of molten caustic. Solid 
nickel tubes, while they resist chem- 
ical attack, become embrittled and 
fail because of the high sulphur fuel. 
In such service nickel clad tubes 
give thousands of hours of continu- 
ous service. The caustic attack is 
resisted by nickel, while the carbon 
steel on the inside resists the flame. 
Both metals are needed, as neither 
one will withstand both corrosive 
conditions. 

Copper clad steel plate is one of 
the most recently available materi- 
als. It has been used for several 
years in the form of strip; but there 
were many problems to overcome 
before it could be made into large 
and wide plates. 

Another example of increasing 
the strength of a relatively weak 
material like copper by combining 
it with carbon steel is found in 
aluminum clad. It is especially valu- 
able for high-temperature service. 
In fact, a process involving certain 
synthetics requires aluminum be- 
cause of its corrosion resistance, 
but the operating temperature is too 
high for the allowable tensile 
strength of aluminum at that tem- 
perature. Here is an industry de- 
pendent for its very existence on a 
particular composite material. 

The low thermal conductivity of 
certain alloys is a well-known draw 
back in the operation of process 
equipment. The use of heavy back- 
ing mitigates this deficiency, and 
such clad metal has been used to 
manufacture a number of items that 
depend on rapid and uniform heat 
transfer. 

Lastly, all uses for clad steei 
save a tremendous amount of criti- 
cal materials in times of heavy 
demands. It is significantly funda 
mental that a 10° 
one ton of stainless to do the work 


clad steel enables 


of ten. The same relationship saves 
equal amounts of nickel, copper, 
aluminum and many other strategic 
metals, when so much depends on 


them. i) 





ZIRCONIUM 


in the form of 


Sponge and Briquettes 


with the following analysis 


Zirconium ... 98.8 to 99.6% 


(by difference) 


Oxygen .... 0.1 to 0.2% 
(estimated ) 


02to .10% 
2 to 8% 


02to .10% 
Oto .02% 
02 to .10% 


Write our New York Office for detailed information. 3%" diameter 
briquettes are furnished from %” to 3” in height with bulk density of 160 to 190 Ibs. per 
cu. ft. The sponge will be %” and down with a maximum of 15% through a 10 mesh screen, 


TAM 
PRODUCTS 


Kemetered, U.S. Pat. on. 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Office: 11] BROADWAY, NEW YORK CITY - General Offices, Works, and Research Laboratories: NIAGARA FALLS, N.Y 


Vay. 1951; Page 717 








tallurgical 
Microscope 


Completely equipped with 
facilities for photomicrography. 


For information, see your Leitz 


franchised dealer, or write to Dept. MP 106 


E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 


ENT TIFIC INSTRUMEt 
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Tc 


LIGHT e STRONG 
@ COMFORTABLE 


These light, strong, comfortable grip 

safety tongs are made of specially processed 

magnesium alloy They will crush without 
inflicting damage to dies if accidentally caught 
within the die opening 


Maximum protection for costly dies Peak production 
efficiency and easier handling for press and shear oper- 
ators. Get the complete details 
of Bulletin ST-501. 


= Miagline Sure. P.0. BOX 391, PINCONNING, MICH 


Write for your copy 





It Will Pay to Make Your Own Tests with 


NATIONAL FORGE 
UNIVERSAL TESTING UNITS 


Model TMU-A 
width 64 weight 12 

The National Forge Universal streamlined unit to production, 
Testing Machine, Model TMU, research or school instruction 
is compact, accurate, depend- tests of a great variety of ma- 
able, easy to operate and moder- terials an specimen sizes 
ately-priced. A.S.T.M. accuracy requirements 
are guaranteed. 

Three load scale ranges: Model 
TMU-A—®0-30,000, 06-6000, 0-600 
tbs. Model TMU - B—4# - 15,000, 
60-3000, 0-300 Ibs. 


Wide working clearances, long 
stroke, quick-action simplified 
variable-speed control, improved 
gtips and a wide spread of load 
seale ranges adapt this modern, 

Prompt deliveries of few units remaining in stock. 


For details, write for Brochure 501. 
TESTING MACHINE DIVISION 
NATIONAL FORGE & ORDNANCE CO. 





Dept. MP IRVINE, WARREN COUNTY, PENNA. 








PEP WE eh: CORD NE 


NOTION LG FRE § 


TAMA-WYATT == 2\¢, 


AJAX ELECTRO ny 3 Conn andA 

AJAX ELECTROTHERMIC CORP., 

AIAX ELECTRIC CO., INC., I . 
AJAX ELECTRIC FURNACE cor é 


fee FE 
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Columbia 


TOOL STEEL 


ALL OVER 
THE U.S.A. 
rehouses and 


: pia wa 
Colum are in prin- 


representatives 
cipal cities. e 

and capable aa 7 ‘ 7 , 
arraimay to help with the Metallographic Specimens 


many new tool steel prob- 


lems. 








For Fine i 


This metallographic polisher has three spindles 
set in a table 28” by 63”. The three speed 
spindles have individual torque-increasing 
V-belt drives. The polisher is complete with 
two faucets and monel wash bowls. Cat. No. 
53-474 sells for $800.00. Request Bulletin 90 
showing all models of Eberbach metallographic 
polishers. 


SCIENTIFIC 

INSTRUMENTS 

COLUMBIA TOOL STEEL COMPANY Q ( p b-APPORATUS 
CORPORATION 


ANN ARBOR. MICH. stage 1063 

















QUALITY STEEL CASTINGS 





Carbon steel casting of superheater Carbon steel rear axle hous- 
header. This complicated casting with- ing. We also make axle 
stands high pressure steam. We have housings for many vary- 


ing desi f b 
made these headers for many years. Joa” as 


We specialize in making intricate Write for Bulletins 

castings for many difficult and un- 

usual applications—including PYRA- 

STEEL for high temperature uses and yi Hl CAGO STEEL FOUNDRY CO. 
EVANSTEEL for wear and shock re- Kedzie Avenue and 37th Street, Chicago 32, Illinois 


sistance. MAKERS OF ALLOY STEEL FOR OVER 40 YEARS 
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WITH THIS EQUIPMENT YOU CAN HARDEN 





LR PREHEAT HG HARDENING 

Supplied with High CO-Low CO. Spanning the range from 1800 to 

atmosphere by the |G Generator, this 2400°F, this furnace, with atmosphere 

furnace preheats Moly Steels with supplied by the IG Generator, har- 

complete protection against atmos- i dens Moly High Speed Steels with fine 

pheric attack. Temperatures to finish and complete freedom from 
! decarburization. 


1G GENERATOR 


Developed to supplement and extend the 
“Certain Curtain” controlled atmosphere 
system originated by C. |. Hayes, Inc., 
this Generator produces High CO-Low 
CO, atmosphere with low controlled dew 
point, assuring scalefree hardening with 
NO decarburization. 


a World War Il, C. |. Hayes, Inc., successfully met the atmospheric 
requirements for Moly Steels with the Hayes Recirculator. The proven prin- 
ciples of the original equipment are incorporated in this newest IG External 
Atmosphere Generator which makes decarb-free treatment of Moly Steels a 


routine operation .. . withresultts G U AR AN TEED 


CALL OUR NEAREST REPRESENTATIVE —~ REQUEST LATEST CATALOG 











tow 2 Pittsburgh 
brush Solved Qi/ 


* An actual case history from the Allis- 
Chalmers Pittsburgh Works, manufac- 
turers of Transformer Radiators. 


At Allis-Chalmers, well-known manufacturer of industrial 
equipment, the problem was to secure a satisfactory oil pres- 
sure test on transformer radiators. The key to the problem 
was to find a brush narrow enough to clean between cooling 
fins and strong enough to remove slag and spall on welds which 
could conceal pinholes. Pittsburgh engineers recommended 
an 8” rotary wire brush. The brush proved more than satis- 


factory and the problem was solved! 


Let Pittsburgh Engineers Solve Your Brush Problems. 
Pittsburgh’s complete line of brushes of every -~— 

type, for every purpose, will provide a practical PF] 
and economical solution of any brush problem 

you might have. Drop us a line on your com 

pany letterhead for a copy of our new booklet 

that shows, through actual case histories, how 

Pittsburgh can help cut your brushing operation costs 
Address: Pirrssurcu Pirate Grass Company, Brush Div., 
Dept. W7, 3221 Frederick Ave., Baltimore 29, Md. 


PITTSBURGH 


FRuerV BRUSHES 


BRUSHES * PAINT * GLASS * CHEMICALS * PLASTICS 


PITTSBURGH PLATE GLASS COMPANY 
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MERRILL 


MATERIALS HANDLING 


DEVICES 





LIFTING CLAMP 


TWIN LIFTER 


d 


MERRILL BROTHERS 


56-31 ARNOLD AVE., MASPETH , N. Y. 











HAND GRIP 


4 sizes 


























BUZZER Gas BURNERS 
For Many Industrial Gas Uses 


NO BLOWER or POWER NECESSARY 
+++ just connect to gas supply 


a oe 


Ring Burners 


Designed to solve numerous Industrial Gas ap- 
plications, “BUZZER" Burners are unexcelled for 
Efficiency, Economy, Simplicity and Flexibility. 
Large variety of models available. 


Send for the “BUZZER" Catalog showing complete line of 
industriel Gos Burners, Furnaces ond other equipment. 


CHARLES A. HONES, inc. 


123 So. Grand Ave. Baldwin, L.I., N.Y 





MEE she tamily of Johns-Manville 
Insulating Fire Brick... 


Here IS AN OUTSTANDING FAMILY of 
insulating fire brick for back-up or ex- 
posed use . . . the only family of its kind 
... that gives you a complete range ...a 
quick beating insulating fire brick for every 
purpose. 

By taking advantage of the quick heat- 
ing characteristics of these insulating fire 
brick, you'll benefit through important 
savings in fuel because of the quicker rise 
to proper operating temperature in the 


1600F to 2000F 


For 2000F 


For 2600F 


{-) am Beit) | me ielele) 2 


furnace. This is a result of the low heat 
storage capacity and low thermal conduc- 
tivity characteristics of the brick. These 
factors are especially important where fur- 
naces are being intermittently operated. 
The same materials can also be obtained 
in large size units as Johns-Manville In- 
sulating Fireblok. This product has many 
advantages over the smaller size fire brick, 
from both a construction and stability 
standpoint. They can be quickly applied 


eee PT pcielele) 


because they are easy to cut and fit. J-M 
Insulating Fireblok provide additional 
heat savings because they reduce the 
number of joints, and require less mortar 
for bonding. 

Why not have a Johns-Manville insula- 
tion expert call to tell you more about 
ways in which you can save by using these 
insulations in your furnaces. W rite Johns- 
Manville, Box 290, New York 16, N. Y. 
for further information. 





Densities, Ib per cu ff. . 

Transverse Strengths, psi. 

Cold Crushing Strengths, psi. . . 
Linear Shrinkage,’ percent....... 
Reversible Thermal Expansion, percent 


Recommended Service 
Bock 


vp. 
Exposed 





t 24-hr simulotive service pone! test for 
1M.3000, 24-hr soaking period for other brick 


* Conductivity is expressed in Btu in. per sq ft per F 
per hour of the designated mean temperatures 


f 2 
fF 2 
Note: Above tests are in accordance 
with A.S.1.M. tentative standerds 











Johns-Manville First in 


INSULATIONS 
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Have You 
Switched 


to HCL? 





Shell and Tube Exchanger with 
impervious graphite tubes 


FOR Heating or Cooling 
HCL and other strong acids 
specify HEIL Impervious 
Graphite “Nocordal” Units 


Standard Designs 
Available for 


e IMMERSION COILS 
@ SHELL and TUBE 





e@ ELECTRIC UNITS 
Steam Jet e JET AGITATORS 


Send for 
Illustrated 








Agitator Literature 





Process Equipment Corporation 
12901 Elmwood Ave. + Cleveland 11, Ohio 











Correct Furnace Belt selection assures longer life, 
greater efficiency. Ashworth engineers have the 
ability to recommend the right type of belt for serv- 
ice of a cyclic nature, from room temperature to 
2050° Fahrenheit 


Metal Belts 
for the handling 
of all materials 


WRITE FOR 
MLUSTRATED 
CATALOG 47P 


ASHWORTH BROS., INC. 


METAL PRODUCTS DIV. e WORCESTER, MASS. 


. . Byuliclo * Chattancoge * Chicago * Cleveland * Detrolt 
Sales Engineers located in 2. 1s scsies New York « Philadelphia» Pimibergh + Seana 
Canadian Rep., PECKOVER’S LTD. . Toronto . Montreal . Halifax . Winnipeg . Vancouver 





LABORATORY EQUIPMENT CORP. 


Hilltop Road © St. Joseph 11, Michigan 
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SAVE 
a Lowest price 
High Temperature Tube 


on the market. 


TIME: No preheat re- 
quired before putting 
cold tube into tg 
Lasts longer in service. 
Tough, durable. 


WRITE FOR 
LITERATURE TODAY! 


Also available: Leco Zir- 
con Refractory Ware 
Catalog, listing combus- 
tion boats, tubes, cruci- 
bles and other high tem- 
perature ceramic shapes. 


—_— ee ee ee 
Send Leco Combustion Tube Literature 


Send Leco Zircon Refractory Ware 
Catalog 


Position 


Company 


] Nome 


City State 


is cines dais ctiedns enn eieneaiaaaiel 





Alumon Process 
Bonds Electrodeposits 
to Aluminum 


ELECTRODEPOSIT 


Photomicrograph of 
electroplated alumi- 
num showing high ten- 
sile Alumon Bond. 


Hhovives. of manufacturers throughout the United States 





are now using electroplated aluminum. The Alumon process is simple. The work 
is merely cleaned, dipped in acid, dipped in Alumon and is then ready for 
electroplating with copper, nickel, and other metals. The process is suitable for 
plating most wrought and cast alloys... The cost of using alumon is low, 
being less than half a cent per square foot of surface area treated. The process can 
be fitted easily into regular plating cycles. Write today for Alumon 
Process bulletin and technical data on how you can use. 


electroplated aluminum for your products. 


Enthone... 2 


442 Elm Street, New Haven, Conn. 
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spinning andfabricating 


can Help You Lick 


PN 


Production . 
Problems 


ALL-PURPOSE FORGES 


Models 139A and 142A 


Add to the range of work you do 
by using this removable cover 
forge. It is the simplest yet most 
efficient unit yet devised and has 
wide versatility for forging and 
heating purposes. 


With the removable cover feature 
it may be built up with fire brick 
to handle special, large shapes 
and sizes. Extra plugs are pro- 
vided for front and back en- 
trances. 


Write today 
for the new 
AGF CATA- 





Bellmouth for testing 
jet engines spun and 
fabricated of stainless 
steel. 











BRINELL 
HARDNESS TESTER 


How many times have you 
carried heavy work to the 
Brinell Tester? Too often, 
you'll say. 


HIGH tooling costs — months of waiting time — the urgency 
of the hour — these very real conditions need not bring 


despair to able designers and alert production executives. Here is a 26-Ib. portable 


Spincraft engineering may well provide you with a welcome 
solution at a small fraction of conventional fabricating costs 
and in far less time. 

The parts or products you see here reflect what can be 
done by spinning and fabricating in 
combination. This resourceful approach 
provides a wide range of opportunities 
in many metals that you are invited to 
discuss with Spincraft engineers. The 
answer you want cannot be guaranteed, 
but others have been helped so often 
and so well that Spincraft has become 
the world’s largest metal spinning and 


° ° * Send for the Spincraft 
fabricating plant. Call or write 


Data Book—40 pages 
of engineering infor- 
mation that will be 
helpful to you. 


4137 W. State St. 
Milwaukee 8, Wis. 


Heretofore known as 





Milwavkee Metal Spinning Co. 
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tester you can easily take to 
the work and save time and 
trouble by doing your Brinell 
work on the job. The King 
Portable Brinell puts an ac- 
tual load of 3000kg on a 
10mm ball. It can be used 
in any position. 

The test head is removable 
for testing larger pieces be- 


Throat—4”" deep. Gap—10” high 
W eight — 26 lbs 


yond the capacity of the standard base. 


Let us show you how we can lighten 
your Brinell testing. 


ANDREW 
KING 


NARBERTH, PENNA. 











Westinghouse offers 
OPPORTUNITY and SECURITY 


ELECTRICAL ... MECHANICAL 
ENGINEERS 


METALLURGISTS, PHYSICISTS, and CHEMISTS 
IN DESIGN, RESEARCH, APPLICATION, DEVELOPMENT 


investigate 
immediately ! 


See what Westinghouse offers you in the 
CAREER OF YOUR CHOICE. 


Unlimited Opportunity—Good engineers 
have unlimited opportunity at Westinghouse 
where more than half of the top executives are 
engineers. They understand your language. 
They are proof that you can make your own 
future at Westinghouse. Right now we are 
building seven new plants. As new plants and 
divisions get into production, many super- 
visory posts will be filled from our engineering 
staff. 


Security—Nearly all of the engineers who 
joined us in World War II are still with us, and 
in the past 10 years our total employment has 
almost doubled. These are not temporary jobs. 

Participation in the Defense Effort—In 
1951, a large part of all Westinghouse produc- 
tion will be to satisfy the nation’s military 
needs. 

Minimum Experience Required—2 years 
. . . but some of these openings call for top- 
flight men with more experience. 


Salaries — Determined individually on the 


basis of the experience and ability of the 
applicant. 

Location—There are openings for engi- 
neers, metallurgists, physicists, and chemists 
at most of Westinghouse’s 36 plants. For ex- 
ample: you'll find opportunities to do jet 
engine work at Kansas City, Missouri and 
South Philadelphia, Pa. . . . in Ordnance 
manufacturing at Sunnyvale, California and 
Sharon, Pa. . . . on atomic power projects in 
Pittsburgh, Pa. . . . in radar and electronics 
at Baltimore, Md... . in aircraft equipment 
and fractional horsepower motors at Lima, 
Ohio . . . and in commercial and airport light- 
ing at Cleveland, Ohio . . . and in power pro- 
ducing equipment to speed the production 
lines of America. And all of these activities 
have a definite and established peacetime 
application. 


WESTINGHOUSE OFFERS YOU 
IN ADDITION TO GOOD PAY 


—Help in finding suitable housing. 


—Low cost life, sickness and accident insurance 
with hospital and surgical benefits. 


—Modern pension plan. 


—Opportunity to acquire Westinghouse stock at 
favorable prices. 


—Privilege of buying Westinghouse appliances at 
employe discount. 


Investigate Westinghouse today ... write Mr. R. P. Meily, 
Westinghouse Electric Corporation, Box 2164 
306 Fourth Ave., Pittsburgh 30, Pa. 
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& Wetrwwmmedn ie nie - “ 


where HEAT 


disintegrates 
ordinary alloy | 


————S_ Tells about 


use * FLASH POINT - DRY TIME 
* TOXICITY - SOLVENT POWER 


No cost! No obligation! We'd like to present you 
HEAT RESISTANT CASTINGS with this handy 64-page handbook solely to ac- 
quaint you with your nearby member of the 
On the hottest of jobs you'll find SOLVENTS & CHEMICALS GROUP 

You'll find page after page in this book packed 
with information...written specifically for non- 
to hold up. There are grades of technical personnel. You'll find hundreds of defi- 
nitions, comparison tables, testing methods and 
FAHRITE to meet many conditions. product descriptions on a wide variety of organic 
solvents in common use. And this handbook is in 


FAHRITE proving its rugged ability 


Just supply us with details about 


a convenient “pocket size’ easy to carry, easy 
your requirements. Our a reser 

This book is yours absolutely FREE. And if you'd 
like further information on a particular problem, 
make practical recommendations. your nearby GROUP MEMBER will be happy to 
study your problem and make expert recom- 
mendations...all without obligation. Take advan- 


tage of this offer today. Call or write your nearest 
THE OHIO Widal FOUNDRY C0. SOLVENTS & CHEMICALS GROUP MEMBER 
Order as many “Organic Solvent” handbooks as 
you need. 


engineers and metallurgists will 





SPRINGFIELD, OHIO Plants at Lima and Springfield, Ohio 


Ss Biss CALL OR WRITE TO THE MEMBER LISTED BELOW 


THE SOLVENTS & CHEMICALS GROUP 


ASSOCIATED FOR BETTER SERVICE TO INDUSTRY 





OFFICES AND PLANTS IN 


BUFFALO—BUFFALO SOLVENTS, Box 73, Station B BEdford 1572 
CHICAGO—CENTRAL SOLVENTS, 2545 Congress St S€eley 3-0505 
CINCINNATI—AMSCO SOLVENTS, 4619 Reading Rood MElrose 1910 
CLEVELAND—OHIO SOLVENTS, 3470 W. 140th St Clearwoter 1-3770 
DETROIT—WESTERN SOLVENTS, 6472 Selkirk Ave WaAlnut 1-6350 
FORT WAYNE—HOOSIER SOLVENTS, Maumee & Bueter Rd ANthony 0213 


GRAND RAPIDS—WOLVERINE SOLVENTS 
1500 Century Ave. S.W Gr. Rap. 5.9111 


HOUSTON—TEXAS SOLVENTS, 8501 Market St Woodcrest 9681 
INDIANAPOLIS—HOOSIER SOLVENTS, 1650 Luet: St ATlontic 1361 
MILWAUKEE—WISCONSIN SOLVENTS, 1719 S. 83rd St GReenfield 6-2630 
NEW ORLEANS—SOUTHERN SOLVENTS, 1352 Jefferson Hwy Temple 4666 
ST. LOUIS—MISSOUR! SOLVENTS, 419 DeSoto St GArfield 3495 
TOLEDO—WESTERN SOLVENTS, Central & Reynolds Rd Jordon 0761 
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There is always 


morrow 


eA SR I RRR IEE OO 


in business... 


Business is good today. Defense production 
is quickening the country's industrial opera- 

NATIONAL tions to the fastest pace in history. But don’t 
forget tomorrow! 


METAL The National Metal Exposition to be held in 


Detroit, October 15-19, 1951, offers the best 
approach to sales and customer understand- 
EXPOSITION ing not only today but tomorrow too. Safe- 
guard your future. Reserve space now in 


the Show that sets the pace for the Metal 


Industry. Write, wire or phone W. H. Eisen- 


e * . 
Detroit, Michigan man, Director, National Metal Exposition, 


7301 Euclid Avenue, Cleveland 3, Ohio. 
Phone UTah 1-0200. 


OCTOBER 15-19, 1951 


“Detroit Wleaus Business 
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Sound billets free from large internal voids, non- 
metallic inclusions, and visible surface seams are the 
only kind that a forger can use with any assurance of 
maintaining a high rate of production. Steel that con- 
tains flaws of critical size may open up under the 
hammer, while clean steel flows uniformly to produce 


sound, acceptable forgings 


At Bethlehem we take unusual care in manufac- 
turing alloy steels for forging use. Chemical composi- 
tion and grain size are closely controlled so that the 
steel will respond to heat-treatment uniformly and 
with minimum distortion. Billets are cooled slowly in 
bung-type furnaces, with separate cooling cycles being 


used for each different composition of alloy steel to 


avoid cooling cracks. Rolled billets are subjected to 


: 
: 
: 
. 


macro-etch tests to insure internal cleanness. Nothing 


is overlooked that might improve the overall quality 


Bethlehem Alloy Steels will go a long way toward 
helping you turn out a higher percentage of accept- 
able forgings per ton. We manufacture all of the AISI 


grades as well as carbon and special steels 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM STEELS 
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We’ve built 
a better 


... and it has already 


helped make refrigerators, magnesium, 


cow serum, and cutting tools 


T's a KB-300 Exhaust Unit, built 

by DPi around the most efficient 
principle known for maintaining a 
vacuum of 1 to 100 microns Hg. 
By supplying low-cost high vacuum 
on a commercial scale, it makes 
possible quantity production of 
some products and improves other 
products and production methods. 


For instance, KB Pumps draw out 
every last trace of moisture in re- 
frigeration systems before they leave 
the factory, preventing any possible 
formation of troublesome ice parti- 
cles. In vacuum metallurgy, they're 


now used for production of vast 
quantities of magnesium. Serums, 
with longer shelf life, are made by 
vacuum Tiodeiosiniemenadh 
batches for the economic require- 
ments of the veterinary field—thanks 
to the efficiency with which KB 
Pumps handle enormous loads of 
vapor at low pressure. And in sin 
tering tungsten carbide to make cut- 
ting edges for tools, the inexpensive 
high vacuum of KB Pumps gives 
the dense grain structure required 
for extreme hardness 


For the requirements of other 





helds, DPi is now prepared to ex 
plore with you the possibility of 
lesigning even larger KB Pumps 
than presently listed. For details, 
write Distillation Products In- 
dustries, 753 Ridge Road West, 
Rochester 3, N. Y. (Division of 
Eastman Kodak Company 





high vacuum research 





and engineering 








Also... vitamins A and E... distilled monoglycerides ... more than 3400 Eastman Organic Chemicals for science and industry 





Order 
a continuous supply of 


. .. And tops for use in a 

long list of machine parts 

and tools. 

* HARDNESS Over 200 tube sizes from 
.898" O.D. to 8.250" O.D. 

* LONG WEAR Bar sizes from .171" round 

to 7.5” round. Also Ring 


* TENSILE STRENGTH Forgings. 


Write for a copy of our 


* MACHINABILITY latest stock list today. 


ACCURATE CHARTS PETERSON STEELS, INC. 


DEPT. M, 82 POINIER STREET, NEWARK 5, N. J. 


for your Brown Instruments Telephone: Bigelow 3-2324 
DETROIT, MICH. * CHICAGO, ILL. 


Tops for: 








...through your 
Honeywell 


Supplies Man O|IUMBIA 








Wise buyers benefit from the provisions of the 


HSM Plan for all instrument accessories. MOTOR GENERATORS 


In the case of charts, the benefit is two-fold. (1) A for 
continuous supply of charts means greater record- : 

ing accuracy . . . eliminates the opportunity for a Electroplating 
damage and shrinkage from humidity changes dur- Anodizing 
ing long storage of large stocks. (2) Planned and : . 
scheduled purchasing, under a blanket agreement, — Electrocleaning 
adds convenience and saves money. Both are 
available to you through your local Honeywell 
Supplies Man .. . gone are the days of confused 
specifying and hopeful waiting for delivery. 





Electropolishing 


@ TANK ers rit 
RHEOSTATS e & Y eee | 


Call in your Honeywell Supplies Man for a dis- 

cussion of your chart needs and all your instrument 

accessories ... he is as near as your phone. @ REVERSING ‘ |. 
| syereeet ee 


SWITCHES 

MINNEAPOLIS-HONEYWELL REGULATOR Co., In- 
4 T 

dustrial Division, 4503 Wayne Ave., Phila. 44, Pa. ° pt anal 

Offices in more than 80 principal cities of the 

United States, Canada and throughout the world. 


Write for Descriptive Bulletins 


COLUMBIA ELECTRIC MFG. CO. 
BROWN INSTRUMENTS 4531 Hamilton Ave. + Cleveland 14, Ohio 


| 
—EEE SS | 
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THE QUALITY NAMES IN ALLOY s 
LOY FOR HEAT CORROSION ABRASION ULE 


= | THE SUM OF 
| PHILOSOPHY 


which you can 
Perceive 
Assimilate and 
Appreciate 


You Return 


Dials chet Z N.K.-vs._POTENTIALS 

. a” If we would contribute truth to anoth 

which you _ . ers understanding, we should make sin 
_ may Contribute | ST. ay. 


cere, exhaustive effort to screen out the 
N.K." factor 

The casting of metals is still more an 
art than a science. Stalagmitic N.K.* 
crustations adorn 


in 
theory practice and 
Raise your sights on Casting 
Potentials Previou 


literature 
concepts of “irreg 
ularities and limitations 
tional proces: 

Most parts produced by new “High In 
tegrity casting process will meet or beat 
similar parts produced by more 
conventional practice 


relate to trad 


nvoly ed 

















PHOSPHATE COATING 
CHEMICALS FOR 
SPECIFICATION 
FINISHES 





WHY GUESS THE TEMPERATURE 





... when you can Jee it! 











GOVERNMENT SPECIFICATION | “©? p+ tr ge 





- 


AN-C 
-0-2, Type II, Class C 
-70-1, Finish 22.02, Class C 


“GRANODINE"’ 





-0-2, Type !!, Class B "PERMADINE”’ 


al 





""THERMOIL- 
GRANODINE”’ 


N 
Ss 
Ss. 
S 
Ss. 
Ss 
S. 


7-0-2, Type il, Class A 
1-70-1, Finish 22.02, Class A 





zicc|) cc] ce 


A 
a 
A 
A. 51-70-1, Finish 22.02, Class B 
A 
A 
Cc 


IL- 1 
MIL-S-5002 
ALUMINUM | AN-F-20 

U.S. Navord 0.S. 675 
16E4 (Ships) 





U_S.N. Appendix 6 

















“GRANODINE”* 


“GRANODINE” forms a zinc phosphate coating on 
steel and zinc surfaces. This non-metallic bond holds 
and protects the paint finish and thus preserves the 
metal underneath. 


a “PERMADINE”® 


“PERMADINE” forms an oil-adsorptive zinc phosphate 
coating on steel, which, when treated with rust inhib- 
iting oil, is highly corrosion resistant. 


“THERMOIL-GRANODINE”” 
“THERMOIL-GRANODINE” forms a manganese-iron 
phosphate coating on steel, which, when oiled, 
provides wear-resistance for rubbing parts — and, 
when oiled or painted, inhibits corrosion. 


Ga “ALODINE”” 


“ALODINE”, the new ACP protective coating chemi- 
cal for aluminum, anchors the paint finish and 
protects the metal painted or unpainted. 


Ga “LITHOFORM””~ 


“LITHOFORM” makes paint stick to galvanized iron 
and other zinc and cadmium surfaces. 





Write for more information on these products. 
Send for new descriptive folders on the ACP 
metol-protective, rust proofing and paint 
bonding chemicals listed in this advertisement. 











. Phe . ‘ 
Proneering Research and Development Since 1914 


AMERICAN CHEMICAL PAINT COMPANY 
| AMBLER] ,PA. 


Mamcbactorers of METALLURGICAL AGRICULTURAL ond PHARMACEUTICAL CHEAUC ALS 


THE NEW 
PYRO RADIATION 
PYROMETER 
Tells spot temperatures instantly 
in heat-treating furnaces, kilns, forgings 
and fire boxes. No thermocouples, lead 
wires or accessories needed! Temperature is in- 
Just dicated on direct-reading dial at a press of the 
sight it button. Any operator can use it. In two double- 
3 *** ranges for all plant and laboratory needs. 
and press the = Model No. 1: 1000-1800° F. and 1800-2600° F. 
button | Model No. 2: 1400-2400° F. and 2400-3400° F. 
Write for FREE Catalog No. 100. 


PYRO Pyrometer 


Accurate temperatures at a glance! 


Any operator can quickly determine tempera 


tures on minute spots, fast-moving objects and 
smallest streams. Completely self-contained. 


No calibration charts or accessories needed. An 


accurate, direct-reading Pyrometer that pays for 
itself by helping prevent spoilage. Weighs 3 Ibs. 
Available in 5 temperature ranges (1400° F. to 
7500° F.). Write for FREE Catalog No. 80 


THE PYROMETER 
INSTRUMENT COMPANY 


New Plant and Laboratory 
Bergenfield 8, N. J. 
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CARL-MAYER HIGH TEMPERATURE FUR- 
NACE, recirculating air heater type, for tem- 
peratures up to 1200°F., as installed for 
Timken Roller Bearing Company. @ We also 
build Conveyor and Batch Type Furnaces up 
to 2000°F., for heat treating, normalizing, draw- 
ing, etc., using gas, oil and other fuels. @ Our 
many outstanding achievements make it well 
worth your while to consult Carl-Mayer Engi- 
neers on your pext installation. 


3030 Euclid Avenue, CLEVELAND, OHIO. 
Se | SST ET TANTS 





a bird in hand... 





With the foresight and imagination that typifies a 
progressive company, Speed Queen Corporation of 
Ripon, Wisconsin, made a careful survey of die 
casting—and decided to bring the operation under their 
own roof—using Lester-Phoenix Die Casting Machines! 
Here's a case where a company with no previous 
experience used the economy and efficiency of the 
Lesters to assure them of successful results. Starting 
with a battery of six Lester-Phoenix Machines, 
Speed Queen was soon able to say, “... as to rate 
of production, we are as good if not better than the 
average field picture and our quality is excellent.” 
Lester-Phoenix service and engineering personnel will 
be pleased to help you, too, set up a successful die 
casting installation in your plant. 


Write for your Free Copy of The Lester Press 


ihe | ESTER-PHOENIX DIE CASTING MA CHINES 


REPRESENTATIVES FOREIGN 
New York ° Steven F. Krould Leos Angeles . Seaboard Machinery Co. Toronto, Canada .Modern Too! Works, Lid 


Detroit . . . Thoreson-McCosh —- 8. London, England . Dowding & Doll, Ltd 
Chicago - mix 0 6B Kavanagh Sales, Inc. Colcutts, India . Francis Klien & Co., Ltd 
Cleveland m Williams Sam Francisco ..... J. Fraser Rae sidney, Australia . Seott & Holladay, Ltd 


Tee 
Cincinnati . . Index Machinery Corp. St. Leuls, Milwaukee . . A. B. Geers Japan. New York W. M. Howitt, Inc 


distributed by LESTER-PHOENIX, INC., 2619 CHURCH AVENUE + CLEVELAND 13, OHIO 
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Eastman Kodak Co. 689 
Eberbach Corp. 720 
Eclipse Fuel Engineering Co 5% 
Electric Furnace Co. Inside Back Cover 
Electro Alloys Co 593 
Electro Metallurgical Div., 

Union Carbide & Carbon Corp os! 


Laboratory Equipment Corp 724 
Lakeside Steel Improvement Co 714 
Lavin Sons, Inc., R 608 
Leeds & Northrup Co 595, O85 


Barrett Division, 


Allied Chemical & Dye Corp. 
Baush & Lomb Optical Co. 
Bell & Gossett Co. 
Bethlehem Steel Co 
Brandt, Inc., Charles 1 
Buehler, Ltd 
Carborundum Co 
Carl-Mayer Corp 
Carlson, Inc., G. O 
Carpenter Steel Co 
Chicago Steel Foundry Co 
Christiansen Corp. 

Cities Service Oil Co 


Engelhard, Inc., Chas. 
Enthone, Inc. 

Fink! & Sons Co., A 
Fisher Scientific Co 
Foxboro Co. 


General Alloys Co 

Gordon Co., Claud S. 

Great Lakes Steel Corp 

Gulf Oil Corp. 

Harper Electric Furnace Corp. 
Hayes, Inc., C. 1 

Haynes Stellite Co., 


712 
725 
629 
600 
705 
733 
. 712 
633 
619 


714 
721 


Leitz, Inc., E. 718 
Lester-Phoenix, Inc. 735 
Lindberg Engineering Co 594 
Loftus Engineering Corp 703 
McKay Co. 699 
Magline, Inc 718 
Marley Co., Inc 59R 
Martindale Electric Co 710 
Merrill Brothers 722 
Michigan Steel Casting Co 648 
Milne & Co., A. 623 
Minneapolis-Honeywell Regulator Co 


630, 732 
704B 


Clark Instrument, Inc 
Climax Molybdenum Co 


607 Industrial Div. 
Mitchell-Bradford Chemical Co 
National Carbon Div., 

Union Carbide & Carbon Corp 625 
National Erie Corp 632 
National Forge & Ordnance Co. 718 
National Machinery Co. 606 
National Radiator Co. 702 
National Research Corp. 700 
Norton Co. 640 
Ohio Crankshaft Co. 627 
Ohio Steel Foundry Co. 728 
Olsen Testing Machine Co., Tinius 610 
Park Chemical Co. 613 
Peterson Steels, Inc. 

Picker X-Ray Corp 
Pittsburgh Plate Glass Co 
Pressed Steel Co 
Pyrometer Instrument Co. 


Union Carbide & Carbon Corp. 
Heil Process Equipment Corp. 724 








Designed for 


TOOL ROOM EFFICIENCY 





HUPPERT 
Model 11 
FURNACE 


Years of low-cost operation on 
heaviest schedules in tool and 
die shops, and _ laboratories 
have dictated these features 
for your economy. Huppert 
Automatic Temperature Con- 
trol for accuracy to 2000°F.— 
Huppert Multi-Insulation, 
Heavy-duty Kanthal elements, 
and fully enclosed contacts. 
Counterweighted, tight-sealing 
door. L.D. 8” x 6” x 12”. 220 V. 
AC, 4% KW max. load. 


Model 11ACB 
Model 11 





Radio Corp. of America 
Republic Steel Corp. 
Revere Copper & Brass, Inc 
Reynolds Metals Co. 
Rolock, Inc. 
St. Joseph Lead Co. 
Sentry Co. 
Sharon Steel Corp. 
Solvents & Chemicals Group 
Spencer Turbine Co 
Spincraft, Inc. 
Steel City Testing Machines, Inc 
Stuart Oil Co., D. A. 
Sunbeam Stewart Industrial 

Furnace Div. 
Superior Steel Corp. 704A 
Surface Combustion Corp. Inside Front Cover 
Timken Roller Bearing Co. 605 
Titanium Alloy Mfg. Div., 

National Lead Co. 717 








$380.00 Complete 
$240.00 (without 
Temp. Control) 
OTHER CAPACITIES 
MAX. TEMP. 

LD FAHR 

Model 12 8° x8" x12 20M) 

Model 12A & x8 x 18 2cKm) 


PRICE WITHOUT 
TEMP. CONTROL 
$320.00 
$400.00 
. PRICE WITH 
EMP. CONTROI 
Model 12ACB (Same specifications as Model 12) $130.00 } » 7 
Model 12A-ACB (Same specifications as Medel 12) 2500.88 Union Carbide & Carbon Corp 607, 625, 681 
» Vanadium- Alloys Steel Corp 707 
All models can b lied f 2304 P 
ae e supplie or 2300 F. operation for small additional Vanadium Corp. of America 695 
Write for Details Westinghouse Electric Corp 704, 727 


Wheelock, Lovejoy & Co., Inc. 
K. H. HUPPERT COMPANY Wilson Mechanical tenet Co 
6844 Cottage Grove Avenue, Chicago 37, Mlinois 


Manufacturers of Electric 


Young Brothers Co. 
Youngstown Sheet & Tube Co. 





Furnaces and Ovens 


Metal Progress; Page 736 














in ELECTRIC 3 
FURNACE sn 
STEELS ARISTOLOY | 

STEELS | 





STANDARD 
STRUCTURAL ALLOY 


BEARING QUALITY 


ALLOY TOOL 


Hot Rolled * Forged * A 


Normalized * Straightened * 
Se eae ae SPECIALTY 


Machine Turn 


COPPERWELD STEEL COMPANY NITRALLOY 


WARREN, OHIO 


CARBON TOOL 


528 Fisher Building 


117 Liberty Street 1578 Union Commerce Bidg. 
Detroit, Michigan 


New York, New York Cleveland, Ohio 


176 W. Adams Street 7251 General Motors Bidg. 3104 Smith Tower MAGNAFLUX-AIRCRAFT 


Seattle, Washington 


Chicago, Illinois Detroit, Michigan 
P.O. Box 1633 403 W. Eighth Street Monadnock Building QUALITY 
Tulsa, Okiahoma Los Angeles 14, Calif. Son Francisco 5, Calif. 


4004 Navigation Bivd. 
Houston 3, Texas 


IT’S BETTER TO USE THE BEST! 








